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Description 

[0001] This invention relates to suspensions of particles of biodegradable lipids solid at room temperature, preferably 
triglycerides, which can be used as carriers for poorly water soluble drugs or other bioactive agents, and to suspensions 

5 of particles constituted by biologically active agents such as drugs, insecticides, fungicides, pesticides, herbicides and 
fertilizers, as well as to the lyophilizates thereof. Both systems can be prepared by a melt emulsification process. 
[0002] The properties of the solid lipid particles (SLPs) include biodegradability, avoidance of toxicologically active 
residues from the production process, enhanced physicochemical stability with regard to coalescence and drug leak- 
age, modified surface characteristics, controlled release of incorporated substances and modified biodistribution. The 

10 particles can be prepared by an emulsification process of molten material creating liquid droplets which form crystalline 
anisometrical particles on cooling. The anisometrical particles are of micron and submicron size, predominantly in the 
size range from 50 to 500 nm. The described suspensions have several advantages over other drug carrier systems 
deriving from the solid biodegradable matrix being predominantly present in a p-polymorphic modification (e g p\ 
p 2 )» and not in an amorphous ora-crystalline state. 

15 [0003] The preparation of micron and submicron particles consisting of poorly water-soluble bioactive agents (PBAS) 
by emulsification of the molten substance presents a novel process to reduce the particle size and/or to modify the 
surface characteristics of powdered substances which can be accomplished by inexpensive techniques and by the 
use of physiologically acceptable additives only. The suspensions of the particles are an easy-to-handle product from 
the security point of view. The particles of bioactive agents provide for the modified biodistribution and bioavailability 

20 of the formulated drugs or other bioactive substances which implies a modification of the extent and rate of dissolution 
and absorption , the circulation time, the site of action and the way of disposition of the drug or other bioactive substance. 
A reduction in particle size below the micrometer range provides for the direct intravenous administration of particles 
made from poorly water-soluble drugs without the need of a carrier vehicle. 

25 FIELD OFTHE INVENTION 

[0004] The present invention is in the area of administration forms and delivery systems for drugs, vaccines and 
other biologically active agents such as insecticides, fungicides, pesticides, herbicides and fertilizers. More specifically, 
the invention is related to the preparation of suspensions of colloidal solid lipid particles (SLPs) with the lipid matrix 

so being in a stable polymorphic modification and of suspensions of micron and submicron particles of bioactive agents 
(PBAs). as well as to the use of such suspensions or the lyophilizates thereof as delivery systems, primarily for the 
parenteral but also for the peroral, nasal, pulmonary, rectal, dermal and buccal administration of preferably poorly 
water-soluble bioactive substances, particularly drugs; and to their use in cosmetic, food and agricultural products. 
These suspension systems provide for the controlled release of incorporated or constituting substances as well as for 

35 the modified biodistribution and bioavailability of incorporated or constituting drugs, which implies a modification of the 
extent and rate of dissolution and absorption, the circulation time, the site of action and the way of disposition of the drug. 

BACKGROUND OF THE INVENTION 

40 [0005] The parenteral, in particular the intravenous administration of water-insoluble or poorly water-soluble sub- 
stances such as drugs or other biological materials often presents a problem to the formulator. Since the diameter of 
the smallest blood capillaries is only a few microns the intravenous application of larger particles would lead to capillary 
blockage. Solid drug substances are, however, commonly disintegrated by milling and grinding, thereby generating 
particles from a few millimeters down to the micrometer size range which are too large to be injected directly as an 

45 aqueous suspension. As a consequence, intravenous administration systems containing suspended particles of water- 
insoluble drugs are not commercially available due to the risk of embolism. A further decrease in particle size is ex- 
pensive, ineffective or even impossible by conventional techniques. Additionally, the reduction of solids to submicron- 
sized powders brings about heavy difficulties in handling these dry products such as an increased risk of dust explosions 
and cross-contamination problems in a factory environment. Moreover, such systems present a heatth risk for persons 

so exposed to the possible inhalation and absorption of potent bioactive materials. Up to now the only possibilities to 
administer poorly water-soluble substances by the intravenous route are the use of co-solvents or the development of 
carrier systems which incorporate such substances in vehicles with hydrophilic surfaces. 

[0006] Basic requirements of an ideal drug carrier system imply biodegradability, non-toxicity and non-immunogenic- 
ity. Moreover, the carrier should be suitable for the intended route of administration, e g with regard to particle size. 
55 Often a controlled release of the incorporated bioactive material is desired, for example when constant serum levels 
should be maintained over a long period of time or when the drug exhibits only a low therapeutic index. 
[0007] Furthermore, carrier systems can be employed to prolong the half-life of certain substances which are unstable 
due to rapid enzymatic or hydrotytic degradation in biological milieu. On the other hand the incorporation of drug in the 
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carrier material also presents an opportunity to protect the host from the drug in case of non-selective toxic substances 
such as antitumour agents. 

[0008] In many cases drug carrier systems are developed with the object to deliver drugs to site-specific targets 
under circumvention of uptake by the reticuloendothelial system (RES). The rationale for such a drug targeting is an 

5 enhancement of the drug's therapeutic efficacy by an increase of the drug concentration at the target site with a simul- 
taneous decrease at non-target sites, thereby rendering possible a reduction of the administered dose. Thus, the 
toxicity of drugs, e g anticancer agents, can be diminished, leading to a decrease of side effects. 
[0009] The prerequisite of a successful site-specific delivery implies a certain selectivity of the carrier system for the 
target tissue as well as the accessibility of the desired target site. Targeting by the intravenous route of application is 

10 generally connected to an avoidance or at least a reduction of carrier uptake by the RES except for the cases where 
a direct targeting to cells of the RES is desired. Clearance of colloidal particles by the RES has been described to 
depend on particle size as well as on particle surface characteristics such as surface charge and surface hydrophobicity. 
In general, small particles are cleared less rapidly from the blood stream than large particles whereas charged particles 
are taken up more rapidly than hydrophilic non-charged particles. Due to these facts approaches to drug targeting are 

15 the modification of surface characteristics and the reduction of particle size. 

[0010] Moreover, a small particle size is also required for the targeting of drugs to extravascular sites since extrava- 
sation is only feasible through a receptor-mediated uptake by phagocytosis/pinocytosis or where the endothelial wall 
is fenestrated. These fenestrations can be found for example in the sinusoids of liver, spleen and bone-marrow and 
show diameters of up to approximately 150 nm. 

20 [001 1 ] From the manuf actu ring po int of view the ideal drug carrier system shou Id be preparable without complications 
by easy-to-handle techniques in a reproducible manner and possibly at low production costs. The formulation should 
exhibit sufficient stability during preparation as well as on storage. 

[0012] In recent years several colloidal systems have received special interest for their potential application as drug 
carriers, among them being liposomes, lipid emulsions, microspheres and nanoparticles. However, all of the systems 
25 mentioned possess a certain number of draw-backs which so far have prevented the break-through of any such system 
as a widespread, commercially exploited drug carrier. 

[0013] Drug carrier systems in the micrometer size range are represented by microspheres consisting of a solid 
polymer matrix, and microcapsules in which a liquid or a solid phase is surrounded and encapsulated by a polymer 
film. Nanoparticles consist, like microspheres, of a solid polymer matrix. Their mean particle size, however, lies in the 

30 nanometer range. Both micro- and nanoparticles are generally prepared either by emulsion polymerization or by solvent 
evaporation techniques. Due to these production methods micro- and nanoparticles bear the risk of residual contam- 
inations from the production process like organic solvents such as chlorinated hydrocarbons, as well as toxic mono- 
mers, surfactants and cross-linking agents, which may lead to toxicological problems. Moreover, some polymeric ma- 
terials such as polylactic acid and polylactic-glycolic acid degrade very slowly in vivo so that multiple administration 

35 could lead to polymer accumulation associated with adverse side effects. Other polymers such as polyalkylcyanoacr- 
ylates release toxic formaldehyde on degradation in the body. 

[0014] Drug carrier systems for parenteral administration based on lipids are liposomes and submicron lipid emul- 
sions. Although such systems consist of physiological components only, thus reducing toxicological problems there is 
a number of disadvantages associated with these lipid carriers. 

40 [0015] Liposomes are spherical colloidal structures in which an internal aqueous phase is surrounded by one or 
more phospholipid bilayers. The potential use of liposomes as drug delivery systems has been disclosed inter alia in 
the U.S. Pat Nos 3,993754 (issued Nov 23, 1976 to Rahmann and Cerny), 4,235,871 (issued Nov 25, 1980 to Papa- 
hadjopoulos and Szoka) and 4,356,167 (issued Oct 26, 1982 to L. Kelly). The major drawbacks of conventional lipo- 
somes are their instability on storage, the low reproducibility of manufacture, the low entrapment efficiency and the 

^5 leakage of drugs. 

[0016] According to the IUPAC definition, in an emulsion liquids or liquid crystals are dispersed in a liquid. Lipid 
emulsions for parenteral administration consist inter alia of liquid oil droplets, predominantly in the submicron size 
range, dispersed in an aqueous phase and stabilized by an interracial film of emulsifiers. Typical formulations are 
disclosed in the Jap. Pat. No 55,476/79 issued May 7, 1979 to Okamota, Tsuda and Yokoyama. The preparation of a 

50 drug containing lipid emulsion is described in WO 91/02517 issued March 7, 1991 to Davis and Washington. The 
susceptibility of these lipid emulsions towards the incorporation of drugs is relatively high due to the mobility of drug 
molecules within the internal oil phase since diffusing molecules can easily protrude into the emulsifierfilm causing 
instabilities which lead to coalescence. Furthermore, release of incorporated drugs from lipid emulsions is relatively 
fast so that the possibilities for a sustained drug release are limited. 

55 [0017] Fountain et al (U.S. Pat. No 4,610,868 issued Sept. 9 : 1986) developed lipid matrix carriers which are de- 
scribed as globular structures of a hydrophobic compound and an amphiphatic compound with diameters from about 
500 nm to about 100.000 nm. The hydrophobic compound can be liquid or solid. The preparation techniques, however, 
employ organic solvents and are thus associated with the problem of complete solvent removal. 
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[0018] So-called lipospheres disclosed by Domb et al (U.S. Pat. Appl. No 435,546 lodged Nov 13, 1989; Int. Appl. 
No PCT/US90/06519 filed Nov 8, 1990) are described as suspensions of solid, water-insoluble microspheres made of 
a solid hydrophobic core surrounded by a phospholipid layer. Lipospheres are claimed to provide for the sustained 
release of entrapped substances controlled by the phospholipid layer. They can be prepared by a melt or by a solvent 

5 technique, the latter creating toxicological problems if the solvent is not completely removed. 

[0019] A slow release composition of fat or wax and a biologically active protein, peptide or polypeptide suitable for 
parenteral administration to animals is disclosed in U.S. Pat. Appl. No 895,608 lodged Aug 1 1 , 1 986 to Staber, Fishbein 
and Cady (EP-A-0 257 368), The systems are prepared by spray drying and consist of spherical particles in the mi- 
crometer size range up to 1 .000 microns so that intravenous administration is not possible. 

w [0020] Problems with the formulation of water-insoluble or poorly water-soluble substances are not restricted to the 
parenteral route of administration. Thus, the peroral bioavailability of drugs is related to their solubility in the gastroin- 
testinal tract (GIT), and it is generally found that poorly water-soluble drugs exhibit a low bioavailability. Moreover, the 
dissolution of drugs in the GIT is influenced by their wettability, Substances with apolar surfaces are scarcely wetted 
in media so that their dissolution rate is very slow. 

15 [0021] In an attempt to improve the intestinal absorption of lipophilic-drugs, Eldem etal (Pharm. Res. 8, 1991 , 47-54) 
prepared lipid micropellets by spray-drying and spray-congealing processes. The micropellets are described as spher- 
ical particles with smooth surfaces. The lipids are, however, present in unstable polymorphic forms, and polymorphic 
phase transitions occur during storage so that the product properties are constantly changing (T. Eldem et al, Pharm. 
Res. 8, 1991, 178 -184). Thus, constant product qualities cannot be assured. 

20 [0022] Lipid nanopellets for peroral administration of poorly bioavailable drugs are disclosed in EP 0 1 67 825 of Aug 
8, 1 990 to P. Speiser. The nanopellets represent drug-loaded fat particles solid at room temperature and small enough 
to be persorbed. Persorption is the transport of intact particles through the intestinal mucosa into the lymph and blood 
compartment. The lipid nanopellets are prepared by emulsifying molten lipids in an aqueous phase by high-speed 
stirring. After cooling to room temperature the pellets are dispersed by sonication. 

25 [0023] EP-A-506 197 discloses topical preparation containing a suspension of solid lipid particles. These particles 
do not contain any drug or bioactive agent. 

OBJECT OF THE INVENTION 

30 [0024] Considering the limitations of conventional drug carriers such as liposomes, lipid emulsions, nanoparticles 
and microspheres as outlined above there is an obvious demand for a carrier system for the controlled delivery of 
poorly water-soluble bioactive substances to circumvent the drawbacks of traditional systems particularly with regard 
to preparation, stability, toxicity and modification of bio distribution. 

[0025] The present invention introduces a new type of carrier system characterized as non-spherically shaped par- 
35 tides composed of crystalline lipids, preferably triglycerides, and physiologically acceptable additives as well as a 
process for the manufacturing thereof. These carriers provide for the controlled delivery of poorly water-soluble sub- 
stances such as drugs or other biological materials primarily by the parenteral but also by the peroral, nasal, pulmonary, 
rectal, dermal and buccal route of administration, and will hereinafter be referred to as solid lipid particles (SLPs). 
[0026] SLPs are characterized as lipidic particles of a solid physical state in the micro- and predominantly in the 
40 nanometer size range. The shape of the particles is mainly anisometric which is a consequence of the matrix forming 
lipids present in a p-polymorphic modification (e g fV : p 1 p 2 ), and not in an amorphous or ot-crystalline state. The 
properties of the SLPs include: (1) biodegradability and non-toxicity; (2) the ability to incorporate poorly water-soluble 
substances; (3) improved chemical and physical stability; (4) the possibility to prepare a dry storage formulation; (5) 
control of release characteristics of incorporated substances; and (6) modified surface characteristics. As a result of 
45 these properties SLPs overcome many of the problems encountered with conventional drug carrier systems. 

[0027] The present invention is supposed to bring about the following advantages as derived from the characteristics 
of the SLPs described above: 

(1) SLPs are be prepared of biodegradable, pharmacologically acceptable compounds only and are, therefore, 
50 non-toxic. Additionally, the preparation of SLPs avoids the employment of organic solvents or any other potentially 

toxic additives, thus evading the contamination of the product with residual impurities. 

(2) SLPs possess an enhanced chemical stability as compared with conventional lipid emulsions based on liquid 
triglyceride oils owing to the lower degree of unsaturated fatty acids of solid triglycerides. Moreover, SLPs exhibit 
a better physical stability due to the solid nature of the lipid matrix which is expectedly more resistant to coalescence 

55 than fluid emulsion droplets. Furthermore, the lipid matrix is present in a stable p-polymorphic modification (e g p\ 

Pi> £2)- Thus, the product properties will not change significantly during long-term storage due to polymorphic 
transformations. 

(3) Suspensions of SLPs can be lyophilized by freeze-drying to provide a water-free storage system that exhibits 
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a good long-term stability. The lyophilized powder can be redispersed in water, buffer or solutions of amino acids, 
carbohydrates and other infusion solutions directly before use or can be processed into other pharmaceutical 
formulations. 

(4) Due to their lipophilic nature SLPs are suited for the solubilization of lipophilic and poorly water-soluble sub- 
5 stances by entrapment into the lipid matrix. Compared to lipid emulsions SLPs are supposed to be less sensitive 

to the incorporation of drugs or other bioactive materials due to their solid nature. Drugs or other bioactive materials 
diffusing into the emulsifier film or recrystallizing close to the surface perturb the stabilizing film of emulsion droplets, 
increasing the risk of film rupture followed by coalescence. In contrast, film elasticity and film viscosity are of minor 
importance in the case of solid suspension particles since they cannot coalesce because of the rigid nature of the 
10 lipid. 

(5) Drug release from the lipid carrier can be controlled for example by the composition of the lipid matrix by the 
choice of stabilizing agents as well as by the size of SLPs. Drug leakage is hindered by the solid state of the carrier 
due to the restricted drug diffusion. 

(6) Drugs or bioactive substances exhibiting a short half-life due to enzymatic or hydrolytic degradation can be 
is protected from rapid decomposition by incorporation within the lipid carrier since the hydrophobic matrix prevents 

the access of water to the incorporated drug on storage as well as in body fluids. 

(7) The incorporation into SLPs of drugs or other bioactive substances with a low bioavailability due to poor solubility 
in the gastrointestinal tract (GIT) can enhance the bioavailability of such substances because these are solubilized 
in the biodegradable lipid matrix and are thus present in the dissolved state. 

20 (8) Due to the anisometrical shape of SLPs the specific surface area is larger than that of spherical particles of 

the same volume. Substances with a low peroral bioavailability can be absorbed faster and to a higher degree in 
the GIT when they are incorporated in anisometrical SLPs than in spherical lipid particles of the same volume, due- 
to the larger surface area of SLPs since the potential site of action for lipolytic enzymes is larger. 

(9) The surface characteristics of SLPs can be modified by variation of the lipid composition, use of different sta- 
25 bilizers, exchange of surfactants and/or adsorption of polymeric compounds. The modification of surface charac- 
teristics brings about the possibility to modify the in vivo distribution of the carrier and the incorporated substance. 
In case of intravenous administration this implies a modified uptake by the RES with the potential for drug targeting. 

(10) Due to the submicron particle size of SLPs there is no risk of embolism by parenteral administration. Since 
SLPs can be prepared down to a particle size of about 50 nm, they possess the opportunity of extravasation through 

30 fenestrations of the endothelial wall. Thereby, drugs can be targeted to extravascular sites such as the bone mar- 

row, for example. 

[0028] Furthermore, the present invention introduces a new type of delivery system for the parenteral, peroral, nasal, 
pulmonary, rectal, dermal and buccal administration of drugs or other bioactive substances as well as the process for 

35 the manufacturing thereof. These formulations are suspensions of particles formed by bioactive substances with mod- 
ified surface characteristics and/or a reduced particle size as compared to the powdered substance, and will hereinafter 
be referred to as particles of bioactive agents (PBAs). The preparation of PBAs can avoid the employment of any 
toxicologically active additives such as organic solvents or toxic monomers, and can be accomplished by easy-to- 
handle techniques. 

40 [0029] PBAs can be used in the following fields of application: 

a) as a parenteral delivery system with modified biodistribution for sparingly water-soluble bioactive substances 
without the need of a carrier vehicle; 

b) as a delivery system according to a) for peroral, nasal, pulmonary, rectal, dermal and buccal administration; 
4 5 c) as a formulation for the peroral administration of drugs with a poor bioavailability due to a low dissolution rate 

in the gastrointestinal tract; 

d) as a delivery system for use in agricultural applications; 

e) the lyophilizate of formulations a) to d) as a reconstitutable powder with an enhanced stability on storage. 

so [0030] Owing to the special characteristics of the present invention PBAs are supposed to bring about the following 
advantages over conventional pharmaceutical delivery systems; 

1) The formulation of poorly water-soluble drugs or other bioactive substances as micron and submicron particles 
avoids the need of a carrier system for their parenteral application, thereby circumventing the disadvantages of 

55 conventional drug carriers like liposomes, lipid emulsions, nanoparticles and microspheres. 

2) PBAs can be prepared by easy-to-handle techniques in a reproducible way. There are no problems to foresee 
for the scaling up of the manufacturing process. 

3) Since the particles consist of the pure bioactive compound with only small amounts of stabilizers the drug-load 
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capacity of the drug particles is high. 

4) The release of drugs or other bioactive compounds from the formulation can be controlled by the choice of 
amphiphatic compounds employed to stabilize the particles. 

5) The preparation of PBAs can avoid the use of toxicologically active additives. 

5 6) A water-free storage system with enhanced stability can be produced, for example by freeze-drying of the PBA 

dispersions. 

7) The surface characteristics of PBAs can be modified by the choice of amphiphatic compounds used as stabilizers 
as well as by the attachment of so-called homing devices for the targeting of drugs, for example monoclonal an- 
tibodies or carbohydrate moieties. The surface modifications give rise to a modified bioavailability and biodistribu- 

10 tion with regard to the extent and rate of absorption, the circulation time, the site of action and the way of disposition 

of the bioactive substance. The modification of surface characteristics also provides the opportunity to avoid or at 
least to reduce the uptake of intravenously administered particles by cells of the RES. 

8) Since the particles can be prepared with a size below 100 nm to 200 nm they possess the opportunity for 
extravasation by fenestrations of the endothelial wall. Thereby, drugs can be targeted to extravascuiar sites such 

is as the bone-marrow, for example. 

9) A reduction in particle size to the nanometer size range generally not achievable by milling or grinding leads to 
an enormous increase of the specific surface area of the particles. Since the peroral bioavailability of drugs or 
other bioactive substances is related to the specific surface area via the dissolution rate of the substance in the 
gastrointestinal tract the submicron sized particles give rise to an enhanced bioavailability of drugs poorly soluble 

20 in the GIT 

10) Hydrophobic substances can be formulated as PBAs with hydrophilic surfaces. Hydrophilic surfaces provide 
for a good wettability of the particles, for example in the GIT, facilitating dissolution of the compound. Thus, the 
bioavailability can be increased. 

11) The process of manufacturing of PBAs involves inexpensive easy-to-handle techniques only and provides a 
25 product which is safe to handle. Since the particles are ppesent in a liquid dispersion there is no risk of dust ex- 
plosions, cross-contamination or inhalation of bioactive substances as often encountered with the production of 
extremely fine powders. 

DESCRIPTION OF THE INVENTION 

30 

[0031] The present invention relates to suspensions of micron and submicron particles of biodegradable lipids solid 
at room temperature (solid lipid particles, SLPs), to suspensions of particles of meltable bioactive substances (PBAs), 
to lyophilizates thereof and to methods for the manufacturing thereof. 

[0032] Solid lipid particles (SLPs) are of predominantly anisometrical shape which is a consequence of the lipid 
35 matrix being present in a p-polymorphic modification (e g P', p^ p 2 ) or in a polymorphic state analogous to that of p- 
crystals of triglycerides and not in an amorphous or a-crystalline-like state. SLPs can be used as carrier systems 
primarily for the parenteral but also for the peroral, nasal, pulmonary, rectal, dermal and buccal administration of poorly 
water-soluble substances such as drugs or other biologically active materials. The application of SLPs is, however, 
not restricted to the administration of pharmaceuticals to humans or animals. SLPs can also be used in cosmetic, food 
40 and agricultural products. SLPs are lipid structures with properties that overcome many of the problems associated 
with previously described carrier systems. 

[0033] The matrix of SLPs is constituted by biocompatible hydrophobic materials which are solid at room temperature 
and have melting points ranging from approximately 30 to 120°C. The preferred matrix constituents are solid lipids 
(fats) such as mono-, di- and triglycerides of long-chain fatty acids; hydrogenated vegetable oils; fatty acids and their 
45 esters; fatty alcohols and their esters and ethers; natural or synthetic waxes such as bees-wax and carnauba wax; 
wax alcohols and their esters, sterols such as cholesterol and its esters, hard paraffins, as well as mixtures thereof. 
The carrier material must be compatible with the agent to be incorporated. 

[0034] Lipids are known to exhibit a pronounced polymorphism. This can be defined as the ability to reveal different 
unit cell structures in crystal, originating from a variety of molecular conformations and molecular packings. Depending 

so on the conditions, glycerides, for example, may crystallize in three different polymorphic forms termed alpha (a), beta 
prime {(*') and beta (p) according to the classification of Larsson (K. Larsson, 1 966, Acta Chem. Scand. 20, 2255-2260). 
These polymorphic modifications characterized by a particular carbon chain packing may differ significantly in their 
properties such as solubility, melting point and thermal stability. Transformations take place from a to p* to p, the tran- 
sition being monotropic. The p-form is the thermodynamically most stable polymorph, whereas a is the least stable 

55 and will transform more or less rapidly into the more stable polymorphs p' and p, depending on the thermal conditions. 
This transformation is accompanied by a change of physicochemical properties. 

[0035] In the described suspensions of SLPs the lipid matrix is predominantly present in a stable polymorphic mod- 
ification. Although on cooling, the dispersed melt metastable polymorphs such as the a-form may occur intermediately 



6 



EP 0 687 172 B1 



a stable polymorph is formed within several hours or days after preparation of the dispersions. 
[0036] The suspensions of SLPs can be stabilized by amphiphatic compounds such as ionic and non-ionic sur- 
factants. Suitable stabilizers include but are not limited to the following examples: naturally occurring as well as synthetic 
phospholipids, their hydrogenated derivatives and mixtures thereof, sphingolipids and glycosphingolipids; physiological 

5 bile salts such as sodium cholate, sodium dehydrocholate, sodium deoxycholate, sodium glycocholate and sodium 
taurocholate; saturated and unsaturated fatty acids or fatty alcohols; ethoxylated fatty acids or fatty alcohols and their 
esters and ethers; alkylaryl-polyether alcohols such as tyloxapol; esters and ethers of sugars or sugar alcohols with 
fatty acids or fatty alcohols; acetylated or ethoxylated mono- and diglycerides; synthetic biodegradable polymers like 
block co-polymers of polyoxyethyleneand polyoxypropyleneoxide; ethoxylated so rbitan esters orsorbitanethers; amino 

10 acids, polypeptides and proteins such as gelatine and albumin; or a combination of two or more of the above mentioned. 
[0037] The aqueous phase in which the SLPs are dispersed can contain water-soluble or dispersable stabilizers; 
isotonicity agents such as glycerol or xylitol; cryo protectants such as sucrose, glucose, trehalose etc; electrolytes; 
buffers; antiflocculants such as sodium citrate, sodium pyrophosphate or sodium dodecylsulfate; preservatives, 
[0038] Depending on the characteristics of the employed stabilizers the coexistence of other colloidal structures such 

is as micelles and vesicles in suspensions of SLPs cannot be ruled out. 

[0039] Substances particularly suitable for the entrapment into SLPs are drugs or other bioactive compounds which 
are poorly water-soluble, show a low bioavailability, are badly absorbed from the intestinum, and/or will be rapidly 
degraded in biological environment by chemical or enzymatical processes, as well as low-specific active substances 
which are highly toxic at non-target sites. In case it is desired to incorporate a relatively water-soluble compound into 

20 SLPs it is necessary to decrease the water-solubility of this compound; which can be achieved for example by using 
a water-insoluble derivative of the compound such as an acid or base, a complex, or a lipophilic precursor. 
[0040] Drugs or bioactive agents particularly suited for incorporation into SLPs are antibiotics such as fosfomycin, 
fosmidomycin and rifapentin; antihypertensives such as minoxidil, dihydroergotoxine and endralazine; antihypoten- 
sives such as dihydroergotamine; systemic antimycotics such as ketoconazole and griseofulvin; antiphlogistics such 

25 as indomethacin, diclofenac, ibuprofen, ketoprofen and pirprofen; antiviral agents such as aciclovir, vidarabin and im- 
munoglobulines; ACE inhibitors such as captopril and enalapril; betablockers such as propranolol, atenolol, metoprolol, 
pindolol, oxprenolol and labetaloi; bronchodilators such as ipratropiumbromide and sobrerol; calcium antagonists such 
as diltiazem, flunarizin. verapamil, nifedipin. nimodipin and nitrendipin; cardiac glycosides such as digitoxin, digoxin, 
methyldigoxin and acetyidigoxin; cephalosporins such as ceftizoxim, cefalexin, cefalotin and cefotaxim; cytostatics 

30 such as chlormethin, cyclophosphamid, chlorambucil, cytarabin, vincristin, mitomycin C, doxorubicin, bleomycin, cis- 
platin, taxol, penclomedine and estramustin; hypnotics such as flurazepam, nitrazepam and lorazepam; psychotropic 
drugs such as oxazepam, diazepam and bromazepam; steroid hormones such as cortisone, hydrocortisone, pred- 
nisone, prednisolone, dexamethasone, progesterone, pregnanolone, testosterone and testosterone undecanoat; va- 
sodilators such as molsidomin. hydralazin and dihydralazin; cerebral vasodilators such as dihydroergotoxin, ciclonicat 

35 and vincamin; lipophilic vitamins such as vitamins A, D, E, K and their derivates. 

[0041] The bioactive substances can be located in the core of SLPs where they are dissolved, solubilized or dispersed 
in the matrix, and/or in the stabilizer layer(s) surrounding the particle matrix, and/or can be adsorbed to the surface of 
SLPs. The bioactive substances can be dissolved or crystalline or amorphous or a mixture of these crystal log rap hie 
states. 

40 [0042] SLPs can be prepared by an emulsification process which exhibits certain similarities to the preparation of 
lipid(oil)-in-water emulsions but is mainly characterized by its basic differences as will be outlined below. The process 
is described as follows: 



(1) The solid lipid or the mixture of lipids is melted. 
45 (2) The stabilizers are added either to the lipid and to the dispersion medium or to the dispersion medium only, 

depending on their physicochemical characteristics. The choice of stabilizers and the admixture regime are not 
comparable with those applied for lipid (oil)-in-water emulsions, which is evident from the below examples. Stabi- 
lizers may also be added or exchanged after homogenization, for example by adsorption of polymers or by dialysis 
of water-soluble surfactants. 

so (3) Drugs or other bioactive substances to be incorporated into the SLPs may be melted together with the lipids if 

the physicochemical characteristics of the substance permit, or may be dissolved, solubilized or dispersed in the 
lipid melt before homogenization. 

(4) The dispersion medium is heated to the temperature of the melt before mixing and may contain for example 
stabilizers, isotonicity agents, buffering substances, cryoprotectants and/or preservatives. 
55 (5) The melted lipid compounds are emulsified in the dispersion medium, by high pressure homogenization, but 

pre-emulsification is also possible by sonication, high speed stirring, vortexing and vigorous hand shaking. The 
way of homogenization determines the particle size of the SLPs. 
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[0043] The basic differences to the preparation of lipid-in-water emulsions beside the choice and admixture regime 
of the stabilizers are related to the following steps: 

(6) After homogenization the dispersion can be sterilized by standard techniques such as autoclaving or filtration 
5 through a 0.2 urn sterile filter provided the particles are small enough not to be retained by the filter. These steps 

have to be performed before the system is cooled below the recrystallization temperature. Moreover, contamina- 
tions which could lead to heterogenous nucleation should be avoided. It is therefore advisable to remove particulate 
contaminations from the dispersions by filtration prior to cooling below the recrystallization temperature. The pore 
size of the filter should be chosen sufficiently large so as not to retain the lipid particles. 
10 (7) The dispersions are allowed to stand to cool off at room temperature forming SLPs by recrystaliizafion of the 

dispersed lipids. During cooling the dispersion may be agitated by a magnetic stirrer for example. 
(8) In a subsequent step the dispersion medium is reduced in volume for example by evaporation or it can be 
removed by standard techniques such as filtration, ultrafiltration orfreeze-drying, thus yielding a water-free storage 
system which can be reconstituted prior to use. The lyophilized powder can also be processed into other pharma- 
15 ceutical, cosmetic, food or agricultural formulations such as powders, tablets, capsules etc. 

[0044] SLPs are typically solid particles of anisometrical shape as demonstrated by Fig. 1 which shows a transmission 
electron micrograph of a f reeze-fractured specimen of the SLPs of Example 1 . The anisometrical particle shape results 
from crystallization of the lipid matrix in the p-polymorphic form. Solidification of the amorphous fat or crystallization of 

20 the unstable a-polymorph generally reveals spherical particles. The presence of the stable p-form could be detected 
by differential scanning calorimetry (Fig. 2) and synchrotron radiation wide-angle X-ray diffraction (Fig. 3). 
[0045] The particle size of SLPs depends on the type and amount of emulsifier and on the emulsification technique 
and conditions (see below). The resoltdification of the molten lipids prior to homogenization should be avoided because 
size reduction by homogenization is substantially impeded if the particles are solid during this step. To ensure that the 

25 molten lipids do not solidify prior to homogenization, i e before smaller particles can be formed, the dispersion medium 
is heated to approximately the same temperature as the melt before the two phases are mixed so that the melt will not 
be cooled down by the addition of the dispersion medium. 

[0046] SLPs in the nanometer size range are obtained by high-pressure homogenization. The particles show a rel- 
atively narrow particle size distribution with mean particle sizes by number of approximately 50 - 300 nm as determined 

30 by photon correlation spectroscopy (PCS). The dispersions of SLPs are stable on storage for more than 18 months. 
Thus, the long-term stability is similar to that of submicron o/w emulsions used for parenteral nutrition. Long-term 
stability data of other solid lipid-based carrier dispersions described in the patent literature such as lipospheres (A. 
Domb et al, Int. Appl. No PCT/US90/06519 filed Nov 8, 1990) and lipid nanopellets (P. Speiser, Eur. Pat. No 0167825 
issued Aug 8,1990) could not be found. Domb describes phospholipid stabilized tristearate lipospheres with a seven 

35 day stability as "exceptionally stable". 

[0047] It turned out that the stabilization of SLP suspensions requires the presence of a highly mobile stabilizing 
agent in the dispersion medium in such a way that the amount of highly mobile stabilizers in the dispersion medium 
is, after emulsification, sufficient to stabilize newly created surfaces during recrystallization (see below). Bile salts, 
especially in combination with nonelectrolytic compounds such as glycerol in concentrations used to achieve blood 

40 isotony, have proved to be very efficient in this respect. SLPs stabilized by phospholipids alone, or in combination with 
nonelectrolytic compounds such as glycerol in concentrations used to achieve blood isotony, tend to form semi-solid 
ointment-like gels as shown on the transmission electron micrograph of Fig. 4, whereas the addition of sodium glyco- 
cholate to the aqueous phase prevents this gel formation (B. Siekmann and K. Westesen. 1992. Pharm. Pharmacol. 
Lett. 1, 123-126). 

45 [0048] A molar phospholipid to bile salt ratio between 2:1 and 4:1 turned out to be most effective regarding the initial 
stabilization during homogenization as well as the long-term storage stability of SLP dispersions. These phospholipid/ 
bile salt ratios are above the ratio of formation of mixed micelles and coincide with a swollen lamellar phase of mixed 
lecithin/bile salt layers in the ternary phase diagram of the system lecithin/bile salt/water. Data therefore suggest that 
stabilization is most effective if the bile salt is not bound to mixed micelles and that during stabilization of SLPs the bile 

so salt molecules are inserted in the phospholipid layer on the surface of the particles. 

[0049] SLPs can also be sterically stabilized by nonionic surfactants. Steric stabilization of SLPs requires, however, 
a relatively high amount of surfactants with lipid/surfactant ratios up to 1:1. It can be observed in general that the 
stability of SLPs decreases with increasing tipid/surfactant ratio. 

[0050] The amount of emulsifier required for surface stabilization of the dispersed particles is higher than in conven- 
es tional lipid emulsions, for example such as used in parenteral nutrition. This effect can be attributed to the crystallization 
of the molten lipids after homogenization. Since the lipids typically do not recrystallize or exist (on storage) in the form 
of ideal spheres but as anisometric particles there is a large increase in surface area as compared to the droplets of 
the emulsified molten lipids or of conventional lipid emulsions, respectively. The additional surfaces newly generated 
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during recrystallization or polymorphic transitions of the dispersed lipids need to be stabilized immediately on formation 
to avoid particle aggregation. Therefore, the preparation of stable SLP dispersions requires the presence of a reservoir 
of stabilizing agents after em unification. 

[0051] The choice of stabilizers cannot be deduced from compositions and stabilization mechanisms for oil-in-water 

s emulsions but is dependent on the existence of highly mobile stabilizers due to the formation mechanism of the ani- 
sometrical particles. In colloid and surface science "highly mobile" generally refers to free diffusion in the dispersion 
medium at a high diffusion velocity. With regard to the stabilization of colloidal solid lipid particles the diffusion velocity 
should be sufficiently high to reach freshly created particle surfaces (especially during re-crystallization of the lipid) 
before particle aggregation can take place, in order to exert a stabilizing action at the lipid/water interface to prevent 

10 particle aggregation. Sufficiently high diffusional velocities are typically observed with substances which do not form 
a separate phase in the dispersion medium according to the phase rule set up by Gibbs. Highly mobile stabilizers can 
be of ionic or nonionic nature. Typically, these stabilizers dissolve molecularly in the dispersion medium and/or form 
micelles. Micelles are known to be highly dynamic structures characterized by a fast exchange of molecules between 
micellar aggregates and the dispersion medium. The monomers in the dispersion medium are immediately available 

15 for surface stabilization. In contrast, stabilizing agents that tend to form a separate phase in the dispersion medium 
are not sufficiently mobile to stabilize freshly created surfaces before particle aggregation can take place. These sta- 
bilizers are therefore not suitable as sole stabilizers of SLP dispersions. Phospholipids are an example of stabilizing 
agents that form a separate phase in the dispersion medium. It is well known that phospholipids form dosed lamellar 
structures, so called vesicles, in aqueous media, and that the exchange rate of phospholipid molecules between ves- 

20 jcles and the aqueous phase is extremely small compared to that of micelles. Phospholipid molecules are therefore 
bound in vesicular structures and are not immediately available to stabilize newly created surfaces during recrystalli- 
zation of the lipid particles. Consequently, phospholipids alone, although suitable as effective stabilizers of lipid emul- 
sions, cannot efficiently stabilize SLP suspensions as is evident from Examples 5 and 1 3. In fact, preparing SLPs with 
a standard composition of lipid emulsions, for example 10% fat and 1 .2% phospholipids, results in unstable SLP dis- 

25 persions. Even higher concentrations of phospholipids such as 20% or 60% lecithin related to the fat phase are not 
sufficient to stabilize SLP dispersions as demonstrated in Example 5. 

[0052] Although stated in the patent literature (e g Domb et al in U.S. Pat No 435,546 issued Nov 13, 1989 and Int. 
Appl. No PCT/US90/0651 9 filed Nov 8, 1990), fine suspensions of solid lipids are not equivalent to submicron lipid 
emulsions in that respect that the inner phase is only replaced by solid fats instead of liquid ones. The physicochemical 

30 properties of lipid suspensions such as SLPs differ substantially from that of lipid emulsions. As a consequence of 
these differences lipid suspensions cannot be prepared and treated analogously to lipid emulsions. One basic difference 
of SLPs is their much larger particle surface area as outlined above so that SLPs require a higher amount of surfactants 
which additionally need to be highly mobile to immediately stabilize the new surfaces created when the molten lipid 
recrystallizes and transforms into the stable p-polymorph. The second basic difference is that once SLPs are formed 

35 by recrystallization of the molten lipid any renewed melting of the small particles may result in an instability of the 
dispersions if there is no excess of mobile stabilizer in the aqueous phase which is not adsorbed to particle surfaces 
where it is immobilized. A further requirement for physicochemical stability of SLPs in contrast to oil-in-water emulsions 
is the absence of particulate impurities which could promote heterogenous nucleation. It is therefore advisable to re- 
move particulate contaminations from the dispersions by filtration prior to cooling below the recrystallization tempera- 

40 ture. Moreover, non-electrolytic compounds used to achieve blood isotony such as glycerol turned out to promote the 
stability of SLP dispersions. 

[0053] The present invention also relates to suspensions of particles of bioactive agents (PBAs). Sparingly water- 
soluble substances such as drugs, insecticides, fungicides, pesticides, herbicides, fertilizers, nutrients, cosmetics etc 
which are meltable in the temperature range from approximately 30 to 1 20°C can be formulated as PBAs by a procedure 

45 similar to the preparation of SLPs as described above. The matrix of PBAs is constituted by the bioactive agent itself. 
[0054] PBAs present a novel type of delivery system and can be characterized as predominantly submicron and/or 
micron particles of bioactive agents suspended in an aqueous media stabilized by amphiphatic compounds. PBAs 
possess modified surface characteristics which can be controlled by the choice of amphiphiles and/or a reduced particle 
size of the matrix constituting compound as compared to the powdered substance. These characteristics give rise to 

50 a modified biodistribution and bioavailability of the formulated drugs or other bioactive substances which implies a 
modification of the extent and rate of dissolution and absorption, the circulation time, the site of action and the way of 
disposition of the drug or other bioactive substance. The physicochemical properties of PBAs depend strongly on the 
characteristics of the bioactive agent of which they are formulated, on the type and amount of stabilizing agents as 
well as on the way of emuisification. Suspensions and lyophilizates of PBAs can be used for the peroral, nasal, pul- 

55 monary, rectal, dermal, buccal and, depending on the particle size, also for the parenteral administration of poorly 
water-soluble drugs or other biologically active compounds. Moreover, PBAs can also be employed in cosmetic, food 
and agricultural products, in particular for the formulation of poorly water-soluble herbicides and pesticides. 
[0055] The matrix of PBAs is constituted by practically insoluble or sparingly water-soluble agents with melting points 
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preferably below 100°C or the melting points of which can be decreased to below 100°C by the addition of certain 
adjuvants. Substances particularly suitable for the formulation as PBAs are drugs or other bioactive materials which 
are poorly water-soluble, show a low bioavailability and/or are badly absorbed from the intestinum. Examples of such 
substances comprise but are not limited to: 

5 

Anesthetics and narcotics such as butanilicaine, fomocaine, isobutambene, lidocaine, risocaine, prilocaine, pseu- 
dococaine, tetracaine, trimecaine, tropacocaine and etomidate; anticholinergics such as metixen and profenamine; 
antidepressives, psychostimulants and neuroleptics such as alimenazine, binedaline, perazine, chlorpromazine, 
fenpentadiol, fenanisol. fluanisol, mebenazine, methylphenidate, thioridazine, toloxaton andtrimipramine; antiep- 

10 ileptics such as dimethadion and nicethamide; antimycotics such as butoconazole, chlorphenesin, etisazole, ex- 

alamid, pecitocine and miconazole; a ntiph logistics such as butibufen and ibuprofen; bronchodilators such as bami- 
fylline; cardiovascular drugs such as alprenolol, butobendine, cloridazole, hexobendine, nicofibrate, penbutolol, 
pirmenol, prenylamine, procaine amide, propatylnitrate, suloctidil, toliprolol, xibendol and viquidile; cytostatics such 
as asperline, chlorambucile, chlornaphhazine, mitotane, estramustine, taxol, penclomedine and trofosfamide; hy- 

15 peremic drugs such as capsaicine and methylnicotinate; lipid reducers such as nicoclonate, oxprenolol, pirifibrate, 

simfibrate and thiadenol; spasmolytics such as aminopromazine, caronerine, difemerine, fencarbamide, tiropra- 
mide and moxaverine; testosterone derivates such as testosterone enantate and testosterone-(4-methylpen- 
tanoate); tranquilizers such as azaperone and buramate; virustatics such as arildon; vitamin A derivates such as 
retinol, retinol acetate and retinol palmitate; vitamin E derivates such as tocopherol acetate, tocopherol succinate 

20 and tocopherol nicotinate; menadione; cholecalciferol; insecticides, pesticides and herbicides such as acephate, 

cyfluthrin, azinphosphomethyl, cypermethrine, substituted phenyl thiophosphates, fenclophos, permethrine, pip- 
eronal, tetramethrine and trifluraline. 

[0056] As with SLPs, suspensions of PBAs can be stabilized by amphiphatic compounds. Principally the same ionic 
25 and nonionic surfactants which may be employed for the stabilization of SLPs are also suitable for the preparation of 
PBA suspensions. The choice of stabilizing agents depends on the physicochemical properties of both the bioactive 
substance and the dispersion medium as well as on the desired surface characteristics of the particles. 
[0057] The aqueous phase in which the PBAs are dispersed should contain water-soluble (or dispersable) stabilizers; 
isotonicity agents such as glycerol or xylitol; cryoprotectants such as sucrose, glucose, trehalose etc; electrolytes; 
30 buffers; antiflocculants such as sodium citrate, sodium pyrophosphate or sodium dodecylsulfate; preservatives. Al- 
though water is the preferred dispersion medium the invention is, however, not restricted to aqueous dispersions alone 
but can be extended to any other pharmacologically acceptable liquid such as ethanol, propylene glycol and methyl- 
isobutyl-ketone, or a mixture thereof. 

[0058] Depending on the characteristics of the employed stabilizers the coexistence of other colloidal structures such 

35 as micelles and vesicles in suspensions of PBAs cannot be ruled out. 

[0059] Suspensions of PBAs are typically prepared by an emulsification process similar to that of SLPs. The molten 
drug or bioactive substance or a mixture of such compounds is emulsified in a pharmacologically acceptable liquid 
immiscible with the melt, by high-pressure homogenization. P re-emu Is if i cation is also possible by sonication, high- 
speed stirring, vortexing and vigorous hand shaking. The liquid is heated to the temperature of the melt before mixing 

40 and may contain for example isotonicity agents, buffering substances, cryoprotectants and/or preservatives. 

[0060] The stabilizing amphiphatic compounds are added either to the melt and to the liquid or to the liquid only, 
depending on their physicochemical characteristics. Stabilizers may also be added or exchanged after homogenization, 
for example by the adsorption of polymers or by dialysis. 

[0061] The PBAs manufactured according to the above described process can be categorized in two distinguishable 
45 groups. 

[0062] The PBAs of the first group are characterized in that they are water-insoluble at the temperature of emulsion 
preparation and will not be solubilized by the excess of stabilizers or form micelles by themselves, the particle size of 
PBAs remaining unchanged before and after cooling to room temperature. 

[0063] The PBAs of the second group are characterized in that they are partly water-soluble at the temperature of 
so emulsion preparation and/or are able to form mixed micelles by the excess of stabilizers and/or form micelles by them- 
selves, leading to an increase of particle size after cooling to room temperature due to, for example, crystal growth 
and/or precipitation of dissolved bioactive agent from the supersaturated solution and/or due to mass transport from 
smaller to larger particles, for example in micelles and/or by processes such as Ostwald ripening. 
[0064] In a subsequent step the liquid phase can be removed by freeze-drying, for example, producing a reconsti- 
55 tutable powder which can also be processed into other pharmaceutical formulations. 

[0065] PBAs are finely dispersed particles consisting of a matrix of bioactive material surrounded by one or more 
layers rich in surfactant. The particle size and the size distribution as well as the particle shape and the surfactant 
coating depend on the properties and amounts of the matrix forming bioactive substances and the stabilizing agents, 



10 



EP 0 687 172 B1 



the ratio of bioactive material to amphiphatic compounds as well as on the way of emulsification. 
EXAMPLES 

5 [0066] Below examples 1 -24 are reference examples. Below examples 25-40 describe non-limiting embodiments of 
the present invention. 

Example 1 : Method of preparation of tripalmitate SLPs. 

10 [0067] In a thermostatized vial 4.0 g tripalmitate (tripalmitin, 99% pure, Fluka) is heated to 75°C to melt the lipid. In 
the lipid melt 0.48 g soy bean lecithin (Lipoid S 100, Lipoid KG) is dispersed by probe sonication (MSE Soniprep 150) 
until the dispersion appears optically clear. 0.1 6 g sodium glycocholate (glycocholic add, sodium salt 99%, Sigma) and 

4 mg thiomersal (Synopharm) is dissolved in 36 ml bidistilled water. The aqueous phase is heated to 75°C and added 
to the lipid melt. A crude dispersion is produced by probe sonication for approximately 2 minutes. The crude dispersion 

is is transferred to a thermostatized high-pressure homogenizer (APV Gaulin Micron Lab 40) and passed 5 times through 
the homogenizer at a pressure of 500 bar. Homogenization with this equipment is accomplished by extrusion through 
a small ring-shaped orifice. The homogenized dispersion is allowed to stand at room temperature to cool off. The 
dispersion reveals trace amounts of visible fat particles which are separated from the dispersion by filtering it through 
a 0.45 u>m sterile filter. 

20 [0068] The importance of the admixture of highly mobile surfactants such as bile salts with regard to the particle size 
distribution and the stability of SLP dispersions is demonstrated below, e g in Examples 2, 5 to 7 and 13 to 15. 
[0069] The mean particle size after preparation (by number) of the tripalmitate SLPs determined by photon correlation 
spectroscopy (PCS, Malvern Zetasizer 3) is 205 nm. After 15 months of storage the particles show no visible signs of 
aggregation, creaming, sedimentation or phase separation. A PCS multiangle measurement (Malvern Zetasizer 3, 

25 detection at five different angles: 50, 70, 90, 110 and 130 degrees) reveals a monomodal particle size distribution (by 
number) with a peak at 250 nm (Fig. 5). 

[0070] At temperatures below the melting point of the lipid matrix tripalmitate SLPs are predominantly anisometrica! 
particles as demonstrated in Fig. 1 which is a transmission electron micrograph of a freeze-fractured specimen of the 
tripalmitate SLPs of Example 1 . Before preparation of the specimen the sample is stored at room temperature for 5 
30 months. The sample is freeze-fractured at 1 73 K in a f reeze-fracture unit BAF 400 (Balzers AG, CH-Liechtenstein). 
Fast freezing is accomplished by slush into melting propane. Shadowing of the sample is performed with platinum/ 
carbon (layer thickness 2 nm) at 45 degrees and with pure carbon at 90 degrees for replica preparation. Replica are 
cleaned with a 1 :1 (v/v) chloroform/ethanol mixture. Replica on uncoated grids are viewed with an electron microscope 
EM 300 (Philips, D-Kassel). 

35 [0071] In the anisometrical tripalmitate particles the glyceride is present in the stable ^-crystalline polymorph as 
indicated by thermoanalytical investigations. Fig. 2 presents a differential scanning calorimetric (DSC) thermogram of 
SLPs of Example 1 and of pure tripalmitate. The samples are weighed accurately into standard aluminium pans. Ther- 
mograms are recorded from 20°C to 90°C at a scan rate of 10°C/minute on a Perkin Elmer calorimeter DSC-7. The 
detected transition peaks correspond to the melting of tripalmitate p-crystals. The melting point of tripalmitate SLPs is 

40 shifted to a lower temperature compared to that of pure tripalmitate due to the presence of phospholipids and due to 
the small crystallite size. 

Example 2: Method of preparation of isotonic tripalmitate SLPs. 

45 [0072] 7.0 g tripalmitate (tripalmitin, Fluka) is melted in a vial thermostatized at75°C. 840 mg soy bean lecithin (Lipoid 

5 1 00, Lipoid KG) is dispersed in the tripalmitate melt as described in Example 1 . The aqueous phase containing 1 .575 
g glycerol, 280 mg sodium glycocholate and 4 mg thiomersal is heated to 75°C and added to the lipid melt to a weight 
of 70 g. A crude dispersion is produced by sonication for approximately 2 minutes. The crude dispersion is transferred 
to a thermostatized high-pressure homogenizer (APV Gaulin Micron Lab 40) and passed 1 0 times through the homog- 

50 enizer at a pressure of 800 bar The homogenized dispersion is allowed to stand at room temperature to cool off. 

[0073] The mean particle size by number of the isotonic tripalmitate SLPs determined by PCS is 125.9 nm after 
preparation and 116.2 nm after 50 days of storage, i e there was practically no particle growth. The slight deviations 
of the values fall into the range of accuracy of the sizing method. The PCS particle size distribution is compared to that 
of the commercially available lipid emulsion for parenteral nutrition Intralipid™ in Fig. 6. Intralipid™ is composed of 

55 1 o% soy bean oil, 1 .2% fractionated phospholipids and 2.25% glycerol dispersed in water for injection. It can be ob- 
served that the particle size distribution of tripalmitate SLPs of Example 2 is significantly smaller and more narrow than 
that of Intralipid™. In contrast to Example 1 the addition of glycerol results in a noticeable difference in the particle size 
distribution. Whereas the SLP dispersion of Example 1 contains trace amounts of visible suspension particles after 
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being cooled to room temperature from the hot emulsion no macroscopicalty visible suspension particles are observed 
in the dispersion of Example 2. 

[0074] Investigations by synchrotron radiation wide-angle X-ray diffraction (Fig. 3) and differential scanning calorim- 
etry reveal that the tripalmitate in SLPs is present in the stable p-polymorphic form at room temperature. 

5 

Example 3: Preparation of hard fat SLPs by microfluidization. 

[0075] 3.0 g hard fat (Witepsol™ W35, Huls AG) is melted in a thermostatized vial at 75°C. 1 .8 g soy bean lecithin 
(Phospholipon 100, Natterman) is dispersed in the tripalmitate melt as described in Example 1 . The aqueous phase 

10 containing 375 mg sodium glycocholate, 2.25 g glycerol and 1 0 mg thiomersal is heated to 75°C and added to the lipid 
melt to a weight of 100 g. A crude dispersion is produced by ultra-turrax vortexing for approximately 2 minutes. The 
crude dispersion is transferred to a microfluidizer (Microfluidics Microfiuidizer M-110T), a high-pressure homogenizer 
of the jet-stream principle which is immersed in a thermostatized water bath (70°C). The dispersion is cycled through 
the microfluidizer for 10 minutes and allowed to stand at room temperature to cool off. 

is [0076] The mean particle size of hard fat SLPs after preparation is 45.9 nm as determined by PCS. 

[0077] During homogenization a sample for particle sizing is drawn each minute in order to monitor the time course 
of homogenization. Fig. 7 displays the mean particle size versus homogenization time. The mean particle diameter is 
decreasing with time and levels off at the end of homogenization. 

20 Example 4: Long-term stability of hard fat SLPs prepared by microfluidization. 

[0078] The stability of hard fat SLPs is monitored over a period of one year. During this time the sample is stored in 
a refrigerator at approximately +4°C. After certai n time intervals the particle size distribution of the sample is determined 
by PCS. Fig. 8 demonstrates that the mean particle size of hard fat SLPs is practically constant over the monitored 
25 period of one year. 

Example 5: Preparation of unstable SLPs dispersions. 

[0079] In a thermostatized vial 4.0 g tripalmitate (Dynasan 116, Huls AG) is heated to 75°C to melt the lipid. In the 
30 lipid melt 0.48 g soybean lecithin (Lipoid S 100, Lipoid KG) is dispersed by probe sonication (MSE Soniprep 150) until 
the dispersion appears optically clear. 4 mg thiomersal and 0.9 g glycerol is dissolved in 35.6 ml bidistilled water. The 
aqueous phase is heated to 75°C and added to the lipid melt. A crude dispersion is produced by probe sonication for 
approximately 2 minutes. The crude dispersion is transferred to a thermostatized high-pressure homogenizer (APV 
Gaulin Micron Lab 40) and passed 5 times through the homogenizer at a pressure of 500 bar. The homogenized 
35 dispersion is allowed to stand at room temperature to cool off. On storage the SLP dispersion becomes a milky semi- 
solid, ointment-like gel. 

[0080] 3.0 g hard fat (Witepsol™ W35, Huls AG) is melted in a thermostatized vial at 75°C. 1 .8 g soy bean lecithin 
(Phospholipon 100, Natterman) is dispersed in the tripalmitate melt as described in Example 1 . The aqueous phase 
containing 10 mg thiomersal is heated to 75°C and added to the lipid melt to a weight of 100 g. A crude dispersion is 
40 produced by ultra-turrax vortexing for approximately 2 minutes. The crude dispersion is transferred to a microfluidizer 
(Microfluidics Microfluidizer M-1 1 0T) which is immersed in a thermostatized water bath (70°C). The dispersion is cycled 
through the microfluidizer for 10 minutes and allowed to stand at room temperature to cool off. On storage the SLP 
dispersion becomes a turbid semi-solid, ointment-like gel. A transmission electron micrograph of this gel is presented 
in Fig. 4. 

45 [0081] In a thermostatized vial 4.0 g tripalmitate (Dynasan 116, Huls AG) is heated to 80°C to melt the lipid. In the 
lipid melt 0.8 g of a soy bean lecithin mixture (Lipoid S 75, Lipoid KG) is dispersed by probe sonication (MSE Soniprep 
150) until the dispersion appears optically clear 4 mg thiomersal is dissolved in 35.6 ml bidistilled water. The aqueous 
phase is heated to 80°C and added to the lipid melt. A crude dispersion is produced by probe sonication for approxi- 
mately 2 minutes. The crude dispersion is transferred to a thermostatized high pressure homogenizer (APV Gaulin 

50 Micron Lab 40) and passed 5 times through the homogenizer at a pressure of 800 bar. The homogenized dispersion 
is filled in a glass vial and allowed to stand at room temperature to cool off. On cooling to room temperature the 
dispersion forms semi-solid looking fat aggregates on the wall of the glass vial. The dispersion gelatinizes when shear 
forces are applied, for example by passing it through a hypodermic syringe. 

[0082] Obviously the use of phospholipids only as stabilizers, as found in commercial parenteral oil-in-water emul- 
55 sions, does not yield stable systems in the case of SLP suspensions. Even the employment of phospholipids such as 
Lipoid S 75 which induces a considerably high negative net charge cannot provide a sufficient stabilization. Electrostatic 
repulsion alone cannot be the basic stabilization mechanism of SLPs as will be further outlined in Examples 6, 7 and 1 3. 
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Example 6: Preparation of tripalmitate SLPs sterically stabilized by tyloxapol. 

[0083] A series of tripalmitate SLP dispersions stabilized by tyloxapol (Eastman Kodak) are prepared with varying 
lipid/surtactant ratios. The SLP dispersions are manufactured according to the following procedure: 

5 

Tyloxapol is dissolved in heated bidistilled water while the temperature is held below the cloud point of tyloxapol 
(approximately 90-95°C). The tyloxapol solution of a temperature of 80°C is added to the molten tripalmitate or, 
respectively, tripalmitate/lecithin dispersion of the same temperature. A crude emulsion is prepared by probe son- 
ication for approximately 2 minutes. Then the crude emulsion is passed 5 times through a high-pressure homog- 
10 enizer at a pressure of 1 200 bar. The homogenized dispersion is allowed to stand at room temperature to cool off. 

All dispersions contain 2.5% glycerol and 0.01% thiomersal. 

[0084] Table 1 gives the composition of the prepared SLP dispersions and their mean particle size after preparation 
(by number) as determined by PCS. The asterix (*) in the particle size column indicates that the dispersions display a 

15 bimodal size distribution with particle sizes considerably larger than indicated by the mean particle size. It turns out 
that sterically stabilized SLP dispersions require a high amount of surfactant in order to obtain homogenously sized 
SLPs. in case of SLPs stabilized by tyloxapol and phospholipids the ratio of the surfactants needs to be optimized. In 
the present series a tyloxapo l/lecithin ratio of at least 1 :1 turned out to yield homogenously sized SLPs. With increasing 
ratio the mean particle size is decreasing. As with examples 1 to 3 the addition of a highly mobile surfactant which is 

20 able to form micelles is required to obtain stable dispersions. The high amount of surfactant is needed to create a 
reservoir of surfactant in the dispersion medium that can provide enough surfactant molecules at the moment when 
the molten lipids recrystallize and form anisometrical particles with a large specific surface area. 



Table 1 : 



SLP dispersions sterically stabilized by tyloxapol. 


Composition (w%) 


Mean particle size (nm) 


TP 


Tyl 


PL 


10 


2 




138.0* 


10 


4 




84.9 


10 


0.7 


2 


487.4* 


10 


1 


2 


207,4* 


10 


2 


2 


102.8 


10 


4.5 


3 


60.9 


Abbreviations: TP = tripalmitate, Tyl = tyloxapol, PL = phospholipids (Lipoid S 
100). 



40 

Example 7: Preparation of tripalmitate SLPs sterically stabilized by poloxamers. 

[0085] 1 .2 g soy bean lecithin (Lipoid S 100, Lipoid KG) is dispersed in 4.0 g molten tripalmitate (Dynasan 116, Huls 
AG) by probe sonication at a temperature of 80°C. 1 .8 g poloxamer (Pluronic™ F68, BASF), 0.9 g glycerol and 4 mg 

45 thiomersal is dissolved in 32.1 g bidistilled water heated to 80°C. The heated solution is added to the lipid melt and a 
crude dispersion is prepared by 2 minutes probe sonication. The crude dispersion is transferred to a thermostatized 
high-pressure homogenizer (APV Gaulin Micron Lab 40) and passed 5 times through the homogenizer at a pressure 
of 1200 bar. The homogenized dispersion is allowed to stand at room temperature to cool off. 
[0086] The poloxamer stabilized SLPs display a monomodal size distribution with a mean particle size (by number) 

50 after preparation of 77.9 nm determined by PCS. Due to the presence of an excess of highly mobile surfactant in the 
aqueous phase the system is stabilized on recrystallization of the molten lipids and a gelation as found with systems 
stabilized by phospholipids only does not occur 

Example 8: The influence of homogenization pressure on the mean particle size of SLPs. 

55 

[0087] SLPs of the following composition are prepared at different homogenization pressures. The SLP dispersions 
are composed of 3% tripalmitate (Dynasan 116, Huls AG), 1 .5% tyloxapol, 1% soy bean lecithin (Lipoid S 100, Lipoid 
KG), 0.01% thiomersal and bidistilled water to 100% (by weight). The lecithin is dispersed in the molten tripalmitate 
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(80°C) by probe sonication until the dispersion appears optically clear. Tyloxapol is dissolved in warm water (80°C) 
containing thiomersal. The SLP dispersions are prepared as described in Example 6. 

[0088] Fig. 9 displays the influence of homogenization pressure on the mean particle size of the SLPs. With increasing 
pressure the particle size is decreasing and the particle size distribution becomes more narrow. 

5 

Example 9: The influence of homogenization passes on the mean particle size of SLPs. 

[0089] Tripalmitate SLPs composed of 3% tripalmitate (Dynasan 1 1 6, Huls AG), 1 .5% tyloxapol, 1 % soy bean lecithin 
(Lipoid S 100, Lipoid KG), 0.01% thiomersal and bidistilled water to 100% (by weight) is prepared at a pressure of 800 
10 bar as described in Example 6. Samples for size measurements are taken from the dispersion after preparation of the 
crude emulsion and after each pass through the homogenizer. 

[0090] Fig. 10 presents the influence of the number of homogenization passes on the mean particle size of SLPs 
which is decreasing with increasing number of passes. 

15 Example 10: Preparation of SLPs by probe sonication - Influence of sonication time on the mean particle size of SLPs. 

[0091] In a sonication vial thermostatized at 80°C 1.20 g tripalmitate is melted. In the lipid melt 0.40 g soy bean 
lecithin (Lipoid S 100) is dispersed by probe sonication until the dispersion appears optically clear. 0.60 g tyloxapol 
and 4 mg thiomersal is dissolved in bidistilled water heated to 80°C. The aqueous phase is added to the lipid meit and 
20 an SLP dispersion is prepared by probe sonication at 80°C. The sonicator operates at 50% of its maximum power. At 
certain time intervals (1,5, 10 and 15 minutes) samples are taken from the dispersion for size measurements. After 
30 minutes probe sonication is stopped and the dispersion is allowed to stand at room temperature to cool off. 
[0092] The influence of sonication time on the mean particle size of the SLPs is displayed in Fig. 1 1 . With increasing 
sonication time the mean particle size is decreasing and the size distribution becomes more narrow. 

25 

Example 1 1 : Preparation of SLPs by stirring. 

[0093] An SLP dispersion composed as in Examples 9 and 1 0 is prepared by use of a heated magnetic stirrer (Pyro- 
Magnestir, Lab-Line). The lecithin is dispersed in the tripalmitate as described before. The heated aqueous phase is 
30 added to the melt. A dispersion is produced by stirring the mixture for 30 minutes at a temperature of 80°C. The 
dispersion is allowed to stand at room temperature to cool off. 

[0094] The mean particle size after preparation (by volume) of the SLP dispersion is 59.5 urn determined by laser 
diffractometry (Malvern Mastersizer MS20). The maximum particle size measured is 250 um In contrast to high pres- 
sure homogenization and probe sonication, stirring produces relatively large particles in the micrometer size range. 

35 

Example 12: Influence of the matrix constituent on the mean particle size of SLPs. 

[0095] SLP dispersions composed of 10% matrix constituent 1 .2% soy bean lecithin (Lipoid S 100), 0.4% sodium 
glycocholate, 2.25% glycerol and 0.01% thiomersal in bidistilled water to 100% are prepared as described in Example 
40 1 . Five different matrix constituents are employed: the waxes cetylpalmitate and white bees-wax and the triglycerides 
trilaurate, trimyristate and tripalmitate. 

[0096] Table 2 presents the PCS mean particle sizes of the different SLP dispersions and the melting points of the 
matrix constituents. 



Table 2: 



Influence of matrix constituents. 


Matrix 


Melting point (°C) 


Mean size of SLPs (nm) 


Cetylpalmitate 


45.5 


141.0 


White bees-wax 


62.5 


195.3 


Trilaurate 


45.0 


137.2 


Trimyristate 


56.5 


161.1 


Tripalmitate 


63.0 


209.2 



[0097] The mean particle size of SLPs is increasing with the melting point of the matrix constituent. 
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Example 13: Influence of emulsifier type and amount on the mean particle size and stability of SLPs. 

[0098] Tripalmitate SLP dispersions with different types and amounts of emulsifiers are prepared as described in 
Example 2. The composition of the different batches is given in Table 3. All dispersions contain 2.25% glycerol and 
5 0.01%thiomersal. 

[0099] The mean particle size of the different batches of SLPs is presented in Fig. 1 2. The mean particle size depends 
on the type and amount of emulsifier. 



Table 3: 



Compositions of SLP batches (in w%). 


Batch no 


TP 


PL 


SGC 


Plu 


1 


10% 


1 .2% 






2 


10% 


1 .2% 


0.4% 




3 


10% 


2.4% 


0.4% 




4 


10% 






1.8% 


5 


10% 






3.6% 


Abbreviations: TP = tripalmitate, PL = phospholipids (Lipoid S 1 00), SGC = sodium glycocholate, Plu = Pluronic 
F68. 



[0100] The combination of phospholipids and bile salts is most efficient with regard to the mean particle size and the 
stability. The system stabilized by phospholipids only gelatinizes and forms an ointment-iike semi-solid gel on storage. 

25 The systems stabilized by Pluronic F68 tend to gelatinize when shear forces are applied, i e when the particles are 
forced to get closer to each other. Obviously the steric stabilization by poloxamers is not sufficient in this case. As a 
result the optimum stabilization is that by a surfactant combination of emulsifiers that are present in and act from the 
lipid side (such as phospholipids) and of emulsifiers that constitute a reservoir of highly mobile surfactant molecules 
in the dispersion medium (such as bile salts, tyloxapol and poloxamers). Though repulsion forces represent an impor- 

30 tant factor for the long-term stability, the basic mechanism of SLP stabilization is the high mobility of the excess of 
surfactant which provides for the immediate surface coverage of newly created surfaces during recrystallization of the 
molten lipids. 

Example 14: Effect of bile salt as co-emulsifier of phospholipid stabilized SLPs. 

35 

[0101] Phospholipid-stabilized SLP dispersions employing different matrices (tripalmitate, hard fat) are prepared with 
or without the addition of bile.sait (sodium glycocholate) to the aqueous phase according to the method described in 
Example 1. All dispersions contain 2.25% glycerol and 0.01% thiomersal. Emulsification of the crude dispersions is 
performed by high pressure homogenization (APV Gaulin Micron Lab 40) under different homogenization conditions. 
40 The following dispersions were prepared: 



Composition 


Homogenization conditions 


7.0 g TP, 0.84 g PL, 62.2 g H 2 0 


3 x 500 bar 


7.0 g TP, 0.84 g PL, 0.28 g BS, 61 ,9 g H 2 0 


3 x 500 bar 


7.0 g TP, 0.84 g PL, 62.2 g H 2 0 


10x 1200 bar 


7.0 g TP, 0.84 g PL, 0.28 g BS, 61 .9 g H 2 0 


10x 1200 bar 


7.0 g HF, 0.84 g PL, 62.2 g H 2 0 


3 x 500 bar 


7.0 g HF, 0.84 g PL, 0.28 g BS, 61 .9 g H 2 0 


3 x 500 bar 


7.0 g HF, 0.84 g PL, 62.2 g h^O 


10 x 1200 bar 


7.0 g HF, 0.84 g PL, 0.28 g BS, 61 .9 g H 2 0 


10 x 1200 bar 


Abbreviations: BS = bile salt; H 2 0 = bidistilled water, HF 
S 100); TP = tripalmitate. 


= hard fat (Witepsol W35); PL = phospholipids (Lipoid 



[0102] The mean particle size of the dispersions as determined by PCS after preparation is presented in Fig. 13. 
This example demonstrates the effect of bile salts as co-emulsifier in the aqueous phase on the particle size of phos- 
pholipid stabilized SLPs. It is clearly shown that the addition of bile salts reduces the mean particle size of SLPs by up 
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to 57%. Thus, by the use of bite salts as co-emulsifier extremely fine dispersions can be obtained. The effect of the 
bile salt can be attributed to the high mobility of this micelle forming ionic surfactant which enables the surfactant 
molecules to immediately cover freshly generated surfaces during the homogenization process. The phospholipids 
which tend to form liquid crystalline structures in the aqueous phase are not sufficiently mobile to provide the immediate 
5 stabilization of freshly created particles so that instantaneous coalescence occurs in case there is no highly mobile co- 
surfactant in the aqueous phase. 

Example 15: Preparation of trimyristate SLPs stabilized by a lecithin/bile salt blend. 

10 [0103] In a thermostatized vial 7.0 g trimyristate (Dynasan 114, Huls AG) is melted at 70°C. 0.96 g phospholipids 
(Lipoid S 100) are dispersed in the melt by probe sonication. A solution of 280 mg sodium glycocholate, 1 .6 g glycerol 
and 7 mg thiomersal in 61 ml bidistilled water is heated to 70°C and added to the melt. A crude dispersion is prepared 
by probe sonication for approximately 2 minutes. The crude dispersion is transferred to a high pressure homogenizer 
(APV Gaulin Micron Lab 40) thermostatized at approximately 90°C and is passed 5 times through the homogenizer at 

is a pressure of 500 bar. The homogenized dispersion is allowed to stand at room temperature to cool off. 

[0104] The mean particle size after preparation determined by PCS is 155.7 nm. In laser dfffractometry (Malvern 
Mastersizer MS20) no particles above 1 u,m can be detected. The particle size distribution derived from laser diffrac- 
tometry is presented in Fig. 14. This example demonstrates that the use of bile salts as co-emulsifier of phospholipid 
stabilized SLPs efficiently prevents the formation of particles larger than 1 urn due to the rapid coverage of freshly 

20 created surfaces during homogenization, thereby minimizing immediate coalescence. 

Example 16: Preparation of tripalmitate SLPs without ultrasonication (method A). 

[0105] In a thermostatized vial 4.0 g tripalmitate (Dynasan 116 : Huls AG) is melted at 85°C. 0.96 g lecithin (Lipoid 
25 s 1 00) is dissolved in ethanol. The lecithin solution is added to the melt. The ethanol is evaporated at a temperature 
of 85°C. 160 mg sodium glycocholate, 0.9 g glycerol and 4 mg thiomersal is dissolved in 35 ml bidistiled water. The 
solution is heated to 85°C and added to the melt. A crude dispersion is prepared by ultra-turrax vortexing for approx- 
imately 2 minutes. The crude dispersion is transferred to a high-pressure homogenizer (APV Gaulin Micron Lab 40) 
thermostatized at approximately 90°C and passed 10 times through the homogenizer at a pressure of BOO bar. The 
30 homogenized dispersion is allowed to stand at room temperature to cool off. 

Example 1 7: Preparation of tripalmitate SLPs without ultrasonication (method B). 

[0106] In a thermostatized vial 4.0 g tripalmitate (Dynasan 116, Huls AG) is melted at 85°C. 0.96 g lecithin (Lipoid 
35 s 1 00) is added to the melt. The mixture is shaken until the lecithin is completely dispersed in the melt and the dispersion 
appears isotropic. 160 mg sodium glycocholate, 0.9 g glycerol and 4 mg thiomersal is dissolved in 35 ml bidistilled 
water. The solution is heated to 85°C and is added to the melt. A crude dispersion is prepared by ultra-turrax vortexing 
for approximately 2 minutes. The crude dispersion is transferred to a high-pressure homogenizer (APV Gaulin Micron 
Lab 40) thermostatized at approximately 90°C and passed 10 times through the homogenizer at a pressure of 800 
40 bar. The homogenized dispersion is allowed to stand at room temperature to cool off. 

Example 18: Preparation of tripalmitate SLPs by dispersing phospholipids in the aqueous phase, 

[0107] In a thermostatized vial 4.0 g tripalmitate (Dynasan 116) is melted at 80°C. 0.96 g phospholipids (Lipoid S 
45 1 00) is dispersed in 35 ml of an aqueous solution of 1 60 mg sodium glycocholate, 0.9 g glycerol and 4 mg thiomersal 
by stirring for approximately one hour. The phospholipid dispersion is heated to 80°C and added to the tripalmitate 
melt. A crude dispersion is prepared by probe sonication for approximately 2 minutes. The crude dispersion is trans- 
ferred to a high-pressure homogenizer (APV Gaulin Micron Lab 40) thermostatized at approximately 90°C and passed 
10 times through the homogenizer at a pressure of 800 bar. The homogenized dispersion is allowed to stand at room 
so temperature to cool off. 

Example 19: Preparation of tripalmitate SLPs stabilized by a highly mobile surfactant. 

[0108] In a thermostatized vial 5.0 g tripalmitate is melted at 80°C. 600 mg sodium glycocholate is dissolved in 44.4 
55 g bidistilled water containing 1 .13 g glycerol and 0.01% thiomersal. The aqueous solution is heated to 80°C and added 
to the melt. A crude dispersion is prepared by sonication for approximately 5 minutes. The crude dispersion is trans- 
ferred to a thermostatized high-pressure homogenizer (APV Gaulin Micron Lab 40) and passed 8 times through the 
homogenizer at a pressure of 800 bar. The dispersion is allowed to stand at room temperature to cool off. 



16 



EP 0 687 172 B1 



10 



15 



20 



25 



30 



[0109] The mean particle size (by number) of the SLP dispersion after preparation is 96.8 nm determined by PCS. 
The size distribution is narrow and monomodal. 

[0110] This example demonstrates that it is possible to prepare small homogenously sized SLPs by the use of one 
surfactant only, such as the bile salt sodium glycocholate, provided the surfactant is highly mobile and constitutes a 
reservoir of stabilizer in the aqueous phase in order to provide for the stabilization of newiy created surfaces during 
recrystalNzation of the SLP matrix. 

Example 20: Long-term stability of different SLP dispersions. 

[0111] Several different SLP dispersions are prepared according to the method described in Example 2. All disper- 
sions contain 2,25 % glycerol as isotontcity agent and 0.01 % thiomersal as a preservative. The long-term stability of 
the dispersions is judged from repeated size measurements (by PCS) over a period of 18 months. The dispersions 
are stored at refrigeration temperatures. For comparison a soy bean oil emulsion system is included. The composition 
of the dispersions and their mean particle sizes during storage are summarized in Table 4. 

Table 4 



Composition (w %) 



Mean particle size (nm) after 



Matrix 



PI 



SGC 



Preparation 



1 8 months 



10% TP 
10% TP 
10% TP 
9.5% TP 1 ) 
0.5% GMS 
10% SO 



1 .2% 
2.4% 
2.4% 

2.4% 
2.4% 



0.4% 
0.4% 
0.4% 

0.4% 
0.4% 



125.9 
104.5 
103.6 

102.4 
129.6 



121.6 
111.2 
104.7 

102.4 
139.9 



Abbreviations: PL = phospholipid (Lipo 
monostearate; SO = soy bean oil. 



d S 100); SGC = sodium glycocholate; TP = tr'palmitate; GMS = glycero 



1 ) The SLP dispersion contains 5 % (related to fat phase) of the cardioprotective drug ubidecarenone. 

[0112] It is shown that the mean particle size of the dispersions remains practically unchanged during storage for 
1 8 months. Thus, the results demonstrate that drug-free and drug-loaded SLP dispersions exhibit a long-term stability 
similar to that of lipid emulsions. 



55 Example 21: Sterile filtration of tripalmitate SLPs. 

[0113] 40 ml of a crude SLP dispersion composed of 3% tripalmitate (Dynasan 116, Huls AG), 1 .5% tyloxapol, 1% 
lecithin (Lipoid S 100) : 2.25% glycerol and 0.01% thiomersal in bidistilled water to 100% is prepared according to the 
method described in Example 6. The crude dispersion is passed 5 times through a thermostatized homogenizer (APV 
Micron Lab 40) at a pressure of 1 200 bar. Half the volume of the batch is allowed to stand at room temperature to cool 
off, whereas the rest is filtered through a sterile syringe filter (Nalgene SFCA, 0.2 u,m pore size) before being cooled 
to the recrystalNzation temperature of the molten lipids. 

[01 14] The particle size distributon of both samples is determined by PCS. The mean particle size of the unfiltered 
sample is 56.7 nm and that of the sterile filtered SLP dispersion is 53.2 nm, i e both samples have practically the same 
mean particle size. 



40 



45 



50 



55 



Example 22: Sterilization of tripalmitate SLPs by autoclaving. 

[0115] 40 ml of a crude SLP dispersion composed of 3% tripalmitate (Dynasan 116, Huls AG), 1 .8% lecithin (Lipoid 
S 100), 0.6% sodium glycocholate, 2.25% glycerol and 0.01% thiomersal in bidistilled water to 100% is prepared ac- 
cording to the method described in Example 2. The crude dispersion is passed 10 times through a thermostatized 
homogenizer (APV Micron Lab 40) at a pressure of 1200 bar. 

[0116] Before being cooled to the recrystalNzation temperature of the molten lipids the SLP dispersion is filled into 
an injection vial and sterilized by autoclaving at 121°C/2 atm for 45 minutes. The autoclaved dispersion is allowed to 
stand at room temperature to cool off. It shows no signs of aggregation or phase separation and has a mean particle 
size of 65.9 nm determined by PCS. 
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Example 23: Lyophilization of SLPs. 

[01 17] In a thermostatized vial 3.5 g tripalmitate (Dynasan 116, Hiils AG) is melted at 75°C, and 1 .05 g lecithin (Lipoid 
S 100, Lipoid KG) is dispersed in the melt by probe sonication. 1.58 g tyloxapol, 14 g sucrose and 7 mg thiomersal is 

5 dissolved in 50 ml bistilled water heated to 75°C and the aqueous phase is added to the lipid melt. A crude dispersion 
is prepared by probe sonication and then passed 5 times through a thermostated high-pressure homogenizer (APV 
Gaulin Micron Lab 40) at a pressure of 900 bar. The homogenized dispersion is passed through a 0.2 u,m sterile filter 
[0118] For lyophilization the dispersion is filled into plane-bottom vials which are immersed in liquid nitrogen for 1 
minute and transferred to the f reeze-drying chamber Samples are freeze- dried for 36 hours under vacuum at a recipient 

10 temperature of -40° C. 

[0119] Freeze-drying yields easily redispersible fine powders. The particle size of the SLP dispersions is determined 
by PCS prior to lyophilization and after reconstitution of the lyophilized powders with bistilled water. The mean particle 
size prior to lyophilization is 79 nm and that of the reconstituted dispersion is 87 nm, i e there is practically no change 
in mean particle size after lyophilization. 

15 

Example 24: Surface modification by adsorption of polymers. 

[01 20] In a thermostalized vial 4.0 g tripalmitate (Dynasan 1 1 6, Hiils AG) is melted at 80°C and 1 .6 g soy bean lecithin 
(Lipoid S 100) is dispersed in the melt by probe sonication. 35.25 g of an aqueous solution of 0.01% thiomersal is 

20 heated to 80° C and added to the melt. A crude dispersion is produced by probe sonication which is then passed five 
times through a high-pressure homogenizer at a pressure of 1200 bar. The dispersion is filtered through a 0.2 u^m 
syringe filter. The batch is divided into 3 parts of equal volumes. One part is diluted with the same amount of water 
and stored at 90°C to prevent gelation of the phospholipid stabilized dispersion on cooling down below the recrystal- 
lization temperature. The other two parts of the batch are incubated overnight with equal volumes of 6% (w/w) poloxam- 

25 er 407 (Pluronic F127, BASF) and 6 % (w/w) poloxamine 908 (Tetronic 908, BASF) solution, respectively, in such a 
way that the polymer solution is added to the SLP dispersion prior to being cooled below the recrystallization temper- 
ature of SLPs to provide for the immediate availability of polymer molecules as soon as new surfaces are created due 
to recrystallization. Both polymers have been described in literature to modify the biodistribution of intravenously ad- 
ministered colloidal particles. 

30 [0121] The modification of the surface properties of tripalmitate SLPs is demonstrated by differences in the zetapo- 
tential. Zetapotentials were determined by laser Doppler anemometry in a microelectrophoresis cell (Malvern Zetasizer 
3). The results are summarized in Table 5. 

Table 5: 

Zetapotential of surface modified SLPs. 

Composition [% (w/w)] Zetapotential [mV] 

TP PL Polymer 

5% 2% - ^6 

5% 2% 3% F1 27 -1J> 

5% 2% 3% T908 -2^ 

Abbreviations: TP = tripalmitate, PL - phospholipids, F127 = pluronic F127, T908 = Tetronic 
908. 



[0122] The incubation of SLPs with block copolymers of the poloxamer and poloxamine type results in a decrease 
of the zetapotential. Due to the adsorption of the polymers the surfaces become more hydrophobic. The hydrophobicity 
of the surface is described to be one of the factors governing the RES (reticuloendothelial system) activity and the 
biodistribution of colloidal particles. 

Example 25: Preparation of SLPs loaded with the cardioprotective drug ubidecarenone. 

[0123] Three different types of SLPs containing the cardio-protective drug ubidecarenone are prepared. The SLPs 
are composed as summarized in table 6. All dispersions contain 2.25% glycerol and 0.01% thiomersal. 
[0124] Batch 1 and 2 are prepared by dispersing lecithin in the molten matrix constituent as described before. In this 
melt ubidecarenone is dissolved. After addition of the aqueous phase containing sodium glycocholate, glycerol and 
thiomersal a crude dispersion is prepared by probe sonication. It is transferred to a thermostatized homogenizer (APV 
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Micron Lab 40) and passed through the homogenizerten times at a pressure of 800 bar. The dispersions are allowed 
to stand at room temperature to cool off. 

[0125] Batch 3 is prepared by dispersing lecithin in the molten matrix constituent as described before. In this melt 
ubidecarenone is dissolved. After addition of the aqueous phase containing tyloxapol, glycerol and thiomersal, a crude 
dispersion is prepared by probe sonication. It is transferred to a thermostatized homogenizer (APV Micron Lab 40) and 
passed 5 times through the homogenizer at a pressure of 1200 bar. The dispersion is allowed to stand at room tem- 
perature to cool off. 



Table 6: 



Ubidecarenone-loaded SLPs. 


Batch no 


Composition 


Mean particle size 


1 


10% TP, 2.4% PL, 0.4% SGC, 1% Ubi 


80.2 nm 


2 


10% HF, 1.2% PL 0.4% SGC, 1% Ubi 


78.9 nm 


3 


3% TP, 1 .5% Tyl, 1% PL, 0.2% Ubi 


46.8 nm 


Abbreviations: TP = tripalmitate, PL = phospholipids, SGC = sodium glycocholate, Ubi = Ubidecarenone, HF = 
hard fat (Witepsol W35), Tyl = Tyloxapol. 



Example 26: Preparation of SLPs loaded with oxazepam. 



[0126] In a thermostatized vial 7.0 g tripalmitate is melted at 80°C. 1 .68 g lecithin and 1 40 mg oxazepam is dispersed 
in the melt by probe sonication. 60 ml of heated aqueous phase containing 280 mg sodium glycocholate, 1 ,58 g glycerol 
and 7 mg thiomersal is added to the melt and a crude dispersion is prepared by probe sonication. The crude dispersion 
is homogenized by passing 10 times through a thermostatized high-pressure homogenizer at a pressure of 800 bar. 
The dispersion is allowed to stand at room temperature to cool off. The dispersion of oxazepam loaded SLPs has a 
mean particle size of 122.7 nm after preparation. 

Example 27: Preparation and long-term stability of SLPs loaded with diazepam. 

[0127] In a thermostatized vial 4.0 g tripalmitate is melted at 80°C. 0.96 g lecithin and 120 mg diazepam is dispersed 
in the melt by probe sonication, 35 ml of heated aqueous phase containing 1 60 mg sodium glycocholate. 0.9 g glycerol 
and 4 mg thiomersal is added to the melt and a crude dispersion is prepared by probe sonication. The crude dispersion 
is homogenized by passing 10 times through a thermostatized high-pressure homogenizer at a pressure of 800 bar. 
The dispersion is allowed to stand at room temperature to cool off. 

[0128] The dispersion of diazepam-loaded SLPs has a mean particle size after preparation of 104.6 nm. After 12 
months of storage the mean particle size determined by PCS is 113.9 nm. Precipitation of drug substance during 
storage is not detected macroscopically. Investigations of the dispersion by polarized light microscopy over the mon- 
itored period of 12 months do not reveal the presence of drug crystals. 

Example 28: Preparation of SLPs loaded with lidocaine. 

[0129] In a thermostatized vial 4.0 g tripalmitate is melted at 80°C. 0.96 g lecithin and 60 mg lidocaine is dispersed 
in the melt by probe sonication. 35 ml of heated aqueous phase containing 320 mg sodium glycocholate : 0.9 g glycerol 
and 4 mg thiomersal is added to the melt and a crude dispersion is prepared by probe sonication. The crude dispersion 
is homogenized by passing 10 times through a thermostatized high-pressure homogenizer at a pressure of 800 bar. 
The dispersion is allowed to stand at room temperature to cool off. 

[0130] The dispersion of lidocaine loaded SLPs has a mean particle size after preparation of 90.4 nm. 
Example 29: Preparation and long-term stability of SLPs loaded with prednisolone. 

[0131] In a thermostatized vial 4.0 g tripalmitate is melted at80°C. 0.48 g lecithin and 80 mg prednisolone is dispersed 
in the melt by probe sonication. 36 ml of heated aqueous phase containing 1 60 mg sodium glycocholate : 0.9 g glycerol 
and 4 mg thiomersal is added to the melt and a crude dispersion is prepared by probe sonication. The crude dispersion 
is homogenized by passing 10 times through a thermostatized high-pressure homogenizer at a pressure of 800 bar. 
The dispersion is allowed to stand at room temperature to cool off. 

[0132] The dispersion of prednisolone-loaded SLPs has a mean particle size after preparation of 11 8.3 nm. After 12 



19 



EP 0 687 172 B1 



months of storage the mean particle size determined by PCS is 124.2 nm. Precipitation of drug substance during 
storage is not detected macroscopically. Investigations of the dispersion by polarized light microscopy over the mon- 
itored period of 12 months do not reveal the presence of drug crystals. 

5 Example 30: Preparation of SLPs loaded with cortisone. 

[0133] Four different types of SLPs containing cortisone are prepared. The SLPs are composed as summarized in 
table 7. All dispersions contain 2.25% glycerol and 0.01 thiomersal. 

[0134] Batch 1 and 2 are prepared by dispersing lecithin in the molten matrix constituent as described before. In this 
10 melt cortisone is dissolved. After addition of the aqueous phase containing sodium glycocholate, glycerol and thiom- 
ersal, a crude dispersion is prepared by probe sonication. It is transferred to a thermostatized homogenizer (APV 
Micron Lab 40) and passed 1 0 times through the homogenizer. The dispersions are allowed to stand at room temper- 
ature to cool off. 

[0135] Batch 3 is prepared by dispersing lecithin in the molten matrix constituent as described before. In this melt 
15 cortisone is dissolved. After addition of the aqueous phase containing poloxamer (Pluronic F68), glycerol and thiom- 
ersal, a crude dispersion is prepared by probe sonication. It is transferred to a thermostatized homogenizer (APV 
Micron Lab 40) and passed 5 times through the homogenizer at a pressure of 1200 bar. The dispersion is allowed to 
stand at room temperature to cool off. 

[0136] Batch 4 is prepared by dispersing lecithin in the molten matrix constituent as described before. In this melt 
20 cortisone is dissolved. After addition of the aqueous phase containing tyloxapoL glycerol and thiomersal a crude dis- 
persion is prepared by probe sonication. It is transferred to a thermostatized homogenizer (APV Micron Lab 40) and 
passed through the homogenizer five times at a pressure of 1200 bar. The dispersion is allowed to stand at room 
temperature to cool off. 

25 Table 7: 



Cortisone-loaded tripalmitate SLPs. 


Batch no 


Composition 


Mean particle size 


1 


10% TP, 1 .2% PL, 0.4% SGC, 0.2% Cort 


124.2 nm 


2 


3% TP, 1 .8% PL, 0.6% SGC, 0.3% Cort 


67.3 nm 


3 


10% TP, 4.5% Plu, 3% PL, 0.1% Cort 


70.5 nm 


4 


3% TP, 1 .5% Tyl. 1% PL, 0.1% Cort 


48.5 nm 


Abbreviations: " 
Pluronic F68, Tyl = ' 


rP = tripalmitate, PL = phospholipids, SGC = sodium glycochoiate : Cort = Cortisone, Plu = 
fyloxapol. 



Example 31 : Tripalmitate SLPs loaded with retinol (vitamin A). 



40 [0137] In a thermostatized vial 1 .0 g tripalmitate (Dynasan 116, Huls AG) is melted at 80°C. 60 mg retinol (vitamin 
A-alcohol >99 %, Fluka) is dissolved in the melt. 300 mg soy bean lecithin (Lipoid S 100) is dispersed in the melt by 
probe sonication until the dispersion appears optically clear. 450 mg poloxamer 407 (Pluronic™ F127, BASF) is dis- 
solved in 29.0 g bidistilled water. The aqueous phase is heated to 80°C and added to the melt. A fine dispersion is 
prepared by probe sonication for 20 minutes. The dispersion is filtered through a 0.2 u.m syringe filter to remove metal 

45 shed from the ultrasound probe. The dispersion is allowed to stand at room temperature to cool off. 

[0138] The mean particle size by number after preparation of vitamin A-loaded tripalmitate SLPs is 98.5 nm deter- 
mined by PCS. 

Example 32: Tripalmitate SLPs loaded with phytylmenadione (vitamin K 3 ). 

50 

[0139] In a thermostatized vial 1 .0 g tripalmitate (Dynasan 116, Huls AG) is melted at 80°C. 60 mg phytylmenadione 
(vitamin K 3 , Sigma) and 300 mg soy bean lecithin (Lipoid S 100) is dispersed in the melt by probe sonication until the 
dispersion appears optically clear. 450 mg poloxamer 407 (Pluronic™ F127, BASF) is dissolved in 28.7 g bidistilled 
water. The aqueous phase is heated to 80°C and added to the melt. A fine dispersion is prepared by probe sonication 
55 for 20 minutes. The dispersion is filtered through a 0.2 \im syringe filter to remove metal shed from the ultrasound 
probe. The dispersion is allowed to stand at room temperature to cool off. The mean particle size by number after 
preparation of vitamin K 3 -loaded tripalmitate SLPs is 86.8 nm determined by PCS. 
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Example 33: Preparation of tripalmitate SLPs loaded with estramustine. 

[0140] In a termostatized vial 7.0 g tripalmitate (Dynasan 116, Huls AG) is melted at 80°C. In the melt 1 .68 g soy 
bean lecithin (Lipoid S 100) is dispersed by probe sonication until the dispersion appears optically clear. 40 mg estra- 
5 mustine is dissolved in the tripaimitate/lecithin dispersion. 0.42 g sodium glycocholate and 1 .58 g glycerol is dissolved 
in 60 g bidistilled water. The aqueous phase is heated to 80°C and added to the melt. A crude emulsion is prepared 
by probe sonication for approximately 2 minutes. The crude emulsion is transferred to a thermostatized high-pressure 
homogenizer (APV Gaulin Micron Lab 40) and passed 10 times through the homogenizer at a pressure of 800 bar. 
The dispersion is allowed to stand at room temperature to cool off. 

10 

Example 34: Physical state of different SLPs at body temperature. 

[0141] Two batches of SLPs from different matrix constituents are prepared according to the method described in 
Example 2. Batch 1 is composed of 1 0% tripalmitate, 0.5% ubidecarenone, 1 .2% soy bean lecithin (Lipoid S 1 00, Lipoid 

15 KG), 0.4% sodium glycocholate, 2.25% glycerol, 0.01% thiomersal and bidistilled water to 1 00% (by weight). Batch 2 
is composed of 10% hard fat (Witepsol™ W35, Huls AG), 0.5% ubidecarenone, 1 .2% soy bean lecithin (Lipoid S 1 00, 
Lipoid KG), 0.4% sodium glycocholate, 2.25% glycerol, 0,01% thiomersal and bidistilled water to 100% (by weight). 
[0142] The physical state of the matrix constituents is determined by synchrotron radiation X-ray diffraction at 20° C 
and at 38°C. The samples are placed in thermostatized sample holders. The diffraction patterns are recorded for 180 

20 seconds each. Fig. 15a demonstrates that at room temperature (20°C) both batches of SLPs are crystalline. The 
spacings correspond to the 8 crystalline polymorphs. At body temperature (38°C) the tripalmitate SLPs are still crys- 
talline whereas no reflections can be detected for the hard fat SLPs, i e they are amorphous and molten (Fig. 15b). 
The different physical states of these SLPs at body temperature give rise to a different biopharmaceutical behaviour 
with respect to the release of incorporated drugs or bioactive agents. SLPs molten at body temperature display basically 

^5 the release characteristics typical of conventional lipid emulsions. Due to the free diffusion of drug molecules in the 
liquid lipid the drug can be released from the vehicle relatively fast. In contrast, SLPs which are solid at body temperature 
give rise to sustained release of incorporated drugs. Since the drug molecules are immobilized in the solid matrix drug 
release is not diffusion-controlled but depends on the degradation of the solid lipid matrix in the body and is therefore 
delayed. 

30 

Example 35: Preparation of PBAs from miconazole. 

[0143] In a thermostatized vial 0.4 g miconazole is melted at 90°C. 0.24 g lecithin (Lipoid S 100) is dispersed in the 
melt by probe sonication until the dispersion appears optically clear. 0.9 g glycerol, 80 mg sodium glycocholate and 4 

35 mg thiomersal is dissolved in 38.5 ml bidistilled water and heated to 90°C. The aqueous phase is added to the mico- 
nazole/! ecith in melt and a crude dispersion is produced by probe sonication for 5 minutes. The crude dispersion is 
transferred to a thermostatized high-pressure homogenizer (APV Gaulin Micron Lab 40) and passed 1 0 times through 
the homogenizer at a pressure of 800 bar. The PBA dispersion is allowed to stand at room temperature to cool off. 
[0144] On cooling the molten miconazole recrystallizes and forms a suspension of miconazole microparticles. The 

40 mean particle size (by volume) of miconazole PBAs is 21 .8 u.m determined by laser diffractometry. The sediment of 
miconazole PBAs is easily redispersible by slight agitation. 

Example 36: Preparation of PBAs from ibuprofen. 

45 [0145] In a thermostatized vial 1 .2 g ibuprofen is melted at 85°C. 0.72 g lecithin (Lipoid S 100) is dispersed in the 
melt by probe sonication until the dispersion appears optically clear. 0.9 g glycerol, 240 mg sodium glycocholate and 
4 mg thiomersal is dissolved in 37 ml bidistilled water and heated to 85°C. The aqueous phase is added to the ibuprofen/ 
lecithin melt and a crude dispersion is produced by probe sonication for 5 minutes. The crude dispersion is transferred 
to a thermostatized high-pressure homogenizer (APV Gaulin Micron Lab 40) and passed 6 times through the homog- 

50 enizer at a pressure of 800 bar. The PBA dispersion is allowed to stand at room temperature to cool off. 

[0146] On cooling the molten ibuprofen recrystallizes and forms a suspension of ibuprofen microparticles. The mean 
particle size (by volume) of ibuprofen PBAs is 61 .4 um determined by laser diffractometry. The sediment of ibuprofen 
PBAs is easily redispersible by slight agitation. 

55 Example 37: Dissolution speed of ibuprofen PBAs. 

[0147] The dissolution speed of ibuprofen PBAs of Example 36 is measured in a laser diffractometer (Malvern Mas- 
tersizer MS20) by monitoring the decay of the so-called obscuration over a period of 10 minutes. The obscuration is 
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a measure of the reduced intensity of unscattered laser light by a sample and is related to the concentration of particles 
in the laser beam. In parallel the particle size can be measured. For measurement the ibuprofen PBA sample is diluted 
with water and dispersed by magnetic stirring in a measuring cell placed in the laser beam line. Fig. 16 presents the 
decay of obscuration and particle size of a sample of ibuprofen PBAs. Within 1 0 minutes the obscuration has decayed 
to zero, i e there is no detectable amount of particles hinting at the complete dissolution of the PBAS. The dissolution 
of the untreated raw substance ibuprofen cannot be measured by this technique since the substance is only poorly 
wettable in water 

Example 38: Preparation of PBAs from lidocaine. 

[0148] In a thermostatized vial 1 .2 g lidocaine is melted at 80°C. 1.2 g tyloxapol is dissolved in 37.6 ml bidistilled 
water and heated to 80°C. The aqueous phase is added to the lidocaine melt and a crude dispersion is produced by 
probe sonication for 2 minutes. The crude dispersion is transferred to a thermostatized high-pressure homogenizer 
(APV Gaulin Micron Lab 40) and passed 5 times through the homogenizer at a pressure of 1 200 bar. The PBA dispersion 
is allowed to stand at room temperature to cool off. 

[0149] On cooling the molten lidocaine recrystallizes into fine needles and forms a suspension of lidocaine micro- 
particles. Fig. 1 7 shows a polarized microscopic picture of the suspended lidocaine needles. The particle shape of the 
raw material lidocaine-base (Synopharm) is different from that of lidocaine PBAs as demonstrated by the polarized 
microscopic picture of Fig. 18. 

[0150] The mean particle size (by volume) of lidocaine PBAs is 174.2 ujn determined by laser diffractometry. The 
maximum detected particle size is 400 \im. The sediment of lidocaine PBAs is easily redispersible by slight agitation. 
The addition of water to PBAs leads to the rapid dissolution of the particles. In contrast the raw material lidocaine is 
only sparingly soluble in water and the dissolution speed is much slower. The high dissolution speed of lidocaine PBAs 
is a consequence of the modified surface properties and the finely dispersed state of the particles. Due to the rapid 
dissolution a determination of the dissolution speed according to the method described in Example 37 is not possible. 

Example 39: Preparation of PBAs from cholecalciferol (vitamin D 3 ). 

[0151] In a thermostatized vial 0.8 g cholecalciferol is melted at 95°C. 120 mg soy bean lecithin (Lipoid S 100) is 
dispersed in the melt by probe sonication until the dispersion appears optically clear. 40 mg sodium glycocholate and 
0.9 g glycerol is dissolved in 37.92 ml bidistilled water and heated to 95°C. The aqueous phase is added to the chole- 
calcif erol/lecithin dispersion and a crude dispersion is produced by probe sonication for5 minutes. The crude dispersion 
is transferred to a thermostatized high-pressure homogenizer (APV Gaulin Micron Lab 40) and passed 8 times through 
the homogenizer at a pressure of 1200 bar. The PBA dispersion is allowed to stand at room temperature to cool off. 
[0152] The mean particle size after preparation by number of cholecalciferol PBAs is 325.1 nm determined by PCS. 

Example 40: Preparation of PBAs from estramustine. 

[0153] In a thermostatized vial 2 g estramustine is melted at 105°C. In the melt 0.8 g soy bean lecithin (Lipoid S 100) 
is dispersed by probe sonication until the dispersion appears optically clear. 0.2 g sodium glycocholate and 0.9 g 
glycerol is dissolved in 36.1 g bidistilled water. The aqueous phase is heated to 95°C and added to the melt. A crude 
emulsion is prepared by probe sonication for approximately 5 minutes. The crude emulsion is transferred to a ther- 
mostatized high-pressure homogenizer (APV Gaulin Micron Lab 40) and passed 5 times through the homogenizer at 
a pressure of 1 200 bar. The dispersion is allowed to stand at room temperature to cool off. 

LEGENDS OF FIGURES 

[0154] 

Fig. 1 Transmission electron micrograph of tripalmitate SLPs of Example 1 after 5 months of storage at room 

temperature. The bar represents 400 nm. 
Fig. 2 Differential scanning calorimetric (DSC) thermogram of a) pure tripalmitate and of b) tripalmitate SLPs of 

Example 1 . The transition peaks correspond to the melting of the p-crystalline polymorph. 
Fig. 3 Synchrotron radiation wide angle X-ray diffraction pattern of tripalmitate SLPs of Example 2. The reflexions 

correspond to the p-crystalline polymorph. 
Fig. 4 Transmission electron micrograph of unstable hard fat SLPs of Example 5. The SLP dispersion gelatinized 

on storage by forming a three-dimensional network. The bar corresponds to 1000 nm. 
Fig. 5 Particle size distribution of tripalmitate SLPs of Example 1 after 1 5 months of storage. The graph represents 
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the result of a multiangle PCS measurement. 
Fig. 6 PCS particle size distribution of a 1 0% tripalmitate SLP dispersion compared to that of the commercial lipid 

emulsion Intralipid® 10%. 
Fig. 7 Influence of microfluidization time on the mean particle size of hard fat SLPs of Example 3. 
5 Fig. 8 Stability on storage of hard fat SLPs of Example 3 as indicated by the development of the mean particle size 

with storage time (monitored period: 12 months). 
Fig. 9 Influence of homogenization pressure on the mean particle size of tripalmitate SLPs. 
Fig. 10 Influence of the number of homogenization passes on the mean particle size of tripalmitate SLPs (no 0 

corresponds to the crude dispersion prepared by sonication). 
10 Fig. 1 1 Influence of sonication time on the mean particle size of tripalmitate SLPs prepared by probe sonication. 
Fig. 1 2 Influence of type and amount of emulsifier on the mean particle size of tripalmitate SLPs prepared according 

to Example 13. 

Fig. 1 3 Effect of bile salts as co-emulsif ier on the mean particle size of different phospholipid stabilized SLP disper- 
sions of Example 1 4. 

is Fig. 14 Particle size distribution of trimyristate SLPs of Example 15 as determined by laser diffractometry. 

Fig. 15 The physical state of different drug-loaded SLPs a) at 20°C and b) at 38°C determined by synchrotron 

radiation wide-angle X-ray diffraction. 
Fig. 16 Dissolution speed of ibuprofen PBAs of Example 37. 

Fig. 17 Polarized microscopic picture of lidocaine PBAs of Example 38 (magnification: 150 x). 
20 Rg. 1 8 Polarized microscopic picture of lidocaine raw material employed for the production of lidocaine PBAs (mag- 
nification: 150 x). 



Claims 

25 

1 . A process for emulsifying insoluble or sparingly water-soluble pharmacologically acceptable agents which are solid 
at room temperature and which are lipid(s) preferably having melting points between 30°C and 120°C, or bioactive, 
characterized in that the following steps are carried out: 

30 a. the solid agent or a mixture of solid agents is melted, 

b. drug(s) or bioactive compound(s) is/are added to the solid agent or the mixture of solid agents if itAhey is/ 
are lipid(s) 

c. a dispersion medium is heated to approximately the same temperature as the molten solid agent or the 
mixture of solid agents, 

35 d. one or more highly mobile water-soluble or dispersible stabilizer/stabilizers which does/do not form a sep- 

arate phase in the dispersion medium is/are added to the dispersion medium in such a way that the amount 
of highly mobile stabilizers is, after emu Isification, sufficient to stabilize newly created surfaces during recrys- 
tallization. 

e. the molten agent or mixture of agents and the dispersion medium is/are emulsified in a liquid phase by 
40 optionally premixing by sonication. high-speed stirring or hand shaking followed by compulsory high-pressure 

homogenisation. 

f . the homogenized dispersion is allowed to cool until anisometric solid particles are formed by recrystallization 
of the dispersed agents and, when the agents(s) is/are lipid(s), transformation into a stable polymorphic mod- 
ification. 

45 

2. A process according to claim 1 , characterized in that in step d. additionally one or more lipid-soluble or - dispersible 
stabilizers is/are added to the molten agent or mixture of agents. 

3. A process according to claim 1 or 2, characterized in that the homogenized dispersion is passed through a filter 
so pnor to cooling below the recrystallization temperature to remove particulate contaminations in such a way that 

the filter pore size is chosen large enough not to retain the particles of emulsified, molten agents. 

4. A process according to claim 1 , 2 or 3, characterized in that the agent or mixture of agents is/are a lipid/lipids, 
preferably constituted of mono-, di- and triglycerides of long chain fatty acids; hydrogenated vegetable oils; fatty 

55 acids and their esters; fatty alcohols and their esters and ethers; natural or synthetic waxes such as beeswax and 

camauba wax; wax alcohols and their esters, sterols such as cholesterol and its esters, hard paraffins or mixtures 
of the above mentioned lipids. 
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5. A process according to claim 1, 2 or 3, characterized in that the agent or mixture of agents is/are a bioactive 
agent/bioactive agents or drug/drugs preferably showing a low bioavailability and/or being badly absorbed from 
the intestinum, having melting points preferably below 100°C or the melting points of which can be decreased to 
below 100°C by addition of adjuvants, preferably anesthetics and narcotics such as butanilicaine, fomocaine, 

5 isobutambene, lidocaine, risocaine, pseudococaine, prilocaine, tetracaine, trimecaine, tropacocaine, and etomi- 

date; anticholinergics such as metixen and profenamine; antidepressives, psychostimulants and neuroleptics such 
as alimenazine, binedaline, perazine, chlorpromazine, fenpentadioL fenanisol, mebenazine, methylphenidate, 
thioridazine, toloxaton and trimipramide; antiepileptics such as dimethadion and nicethamide; antimycotics such 
as butoconazole, chlorphenesin, etisazole, exalamid, precilocine and miconazole; antiph logistics such as butibufen 

10 and ibuprofen; bronchodilators such as bamifylline; cardiovascular drugs such as alprenolol, butobendine, clor- 

diazole, hexobendine, nicofibrate, penbutolol, pirmenol. prenylamine, procaine amide, propatry I nitrate, suloctidil, 
toliprolol, xidbendol and viquidile; cytostatics such as asperline, chlorambucile, mitotane, estramustine, taxol, pen- 
clomedine and trofosfamide; hyperemic drugs such as capsaicine and methylnicotinate, lipid reducers such as 
nicoclonate, oxprenoiol pirifibrate, simfibrate and thiadenol; spasmolytics such as aminopromazine, caronerine, 

is difemerine, fencarbamide, tiropramide and moxaverine; testosterone derivatives such as testosterone enantate 

and testosterone-(4-methylpentanoate); tranquilizers such as azaperone and buramate; virustaticssuch as arildon; 
vitamin A derivates such as retinol, retinol acetate and retinol palmitate; vitamin E derivates such as tocopherol 
acetate, tocopherol succinate and tocopherol nicotinate; menadione; cholecalciferol; insecticides, pesticides and 
herbicides such as acephate, cyfluthrin, azinphosphomethyl, cypermethrine, substituted phenyl thiophosphates, 

20 fenclophos, permethrine, piperonal, tetramethrine and/or trifluraline. 

6. A process according to anyone of the preceding claims, 

characterized in that the surface characteristics of the particles are modified after homogenization in order to 
control the biodistribution of the particles, preferably by adsorption of polymers or by dialysis of water-soluble 
25 surfactants. 

7. A process according to anyone of the preceding claims, 

characterized in that during cooling the dispersion is agitated, such as by means of a magnetic stirrer. 

30 8. A process according to anyone of the preceding claims, 

characterized in that the dispersion medium is a pharmacologically acceptable liquid not dissolving the agent or 
mixture of agents, especially water, ethanol, propylene glycol, dimethyl sulfoxide (DMSO) or methyl -is obutyl-ke- 
tone, or a mixture thereof, preferably water. 

35 9. A process according to anyone of the claims 2-8, 

characterized in that the stabilizer or stabilizers are amphiphatic compounds, especially ionic and non-ionic sur- 
factants, preferably naturally occurring as well as synthetic phospholipids, their hydrogenated derivatives and mix- 
tures thereof, sphingolipids and glycosphingolipids; physiological bile salts such as sodium cholate, sodium dehy- 
drocholate, sodium deoxycholate, sodium glycocholate and sodium taurocholate; saturated and unsaturated fatty 

40 acids or fatty alcohols; ethoxylated fatty acids or fatty alcohols and their esters and ethers; alkyiaryl-polyether 

alcohols such as tyloxapol; esters and ethers of sugars or sugar alcohols with fatty acids or fatty alcohols; acetylated 
or ethoxylated mono- and diglycerides; synthetic biodegradable polymers like block co-polymers of polyoxyethyl- 
ene and polyoxypropyleneoxide; ethoxylated sorbitanesters or sorbitanethers; amino acids, polypeptides and pro- 
teins such as gelatine and albumin; or a combination of two or more of the above mentioned stabilizers. 

45 

10. A process according to anyone of the claims, 2-9, 

characterized in that the stabilizer or stabilizers is/are a combination of phospholipids and bile salts. 

1 1 . A process according to claim 1 0, characterized i n that the molar ratio of phospholipids to bile salts is 2:1 or above. 

50 

12. Aprocess according to anyone of claims 1-9, characterized in that the stabilizer or stabilizers is/are a combination 
of phospholipids and sodium glycocholate in a molar ratio between 2:1 and 4:1 . 

1 3. A process according to anyone of claims 1 0-1 2, 

55 characterized in that the dispersion medium contains isotonicity agents, preferably glycerol, and/or cryoprotect- 

ants, preferably sugars or sugar alcohols. 

14. A process according to anyone of the preceding claims, 
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characterized in that the dispersion medium contains one or more of the following additives: water-soluble or 
dispersable stabilizers; isotonicity agents, preferably glycerol or xylitol; cryoprotectants, preferably sucrose, glu- 
cose, maltose or trehalose; electrolytes; buffers; antiflocculants, preferably sodium citrate, sodium pyrophosphate 
or sodium dodecylsulfate; and preservatives. 

5 

1 5. A process according to anyone of the preceding claims, 

characterized in that the dispersion is sterilized, preferably by autoclaving or sterile filtration prior to cooling down 
the dispersion below the recrystallization temperature of the molten lipids. 

10 1 6. A process according to anyone of the preceding claims, 

characterized in that in a subsequent step the dispersion medium is reduced in volume, preferably by evaporation, 
or removed by filtration , ultrafiltration orfreeze-drying : thus yielding liquid-free particles which can be reconstituted 
prior to use. 

15 1 7. A suspension of colloidal solid lipid particles (SLPs) manufactured according to anyone of the claims 1 -4 and 6-1 6, 
characterized in that the SLPs are preferably constituted of mono-, di- and triglycerides of long chain fatty acids; 
hydrogenated vegetable oils; fatty acids and their esters; fatty alcohols and their esters and ethers; natural or 
synthetic waxes such as beeswax and camauba wax; wax alcohols and their esters, sterols such as cholesterol 
and its esters, hard paraffins or mixtures of the above mentioned lipids. 

20 

1 8. A suspension of colloidal solid lipid particles (SLPs) according to claim 1 7, characterized in that the particles are 
stabilized by a combination of phospholipids and bile salts. 

19. A suspension of colloidal solid lipid particles (SLPs) according to claim 18, characterized In that the molar ratio 
25 of phospholipids to bile salts is 2:1 or above. 

20. A suspension of colloidal solid lipid particles (SLPs) according to claim 1 7, characterized in that the particles are 
stabilized by a combination of phospholipids and sodium glycocholate in a molar ratio between 2:1 and 4:1 . 

30 21. A suspension of collodial solid lipid particles (SLPs) according to anyone of claims 18-20, characterized in that 
the dispersion medium contains isotonicity agents, preferably glycerol, and/or cryoprotectants. preferably sugars 
or sugar alcohols. 

22. A suspension of colloidal solid lipid particles (SLPs) according to anyone of claims 17-21 , characterized in that 
35 the SLPs are of a non-a-like crystalline modification at a temperature below the melting temperature. 

23. A suspension of colloidal solid lipid particles (SLPs) according to anyone of claims 17-22, characterized in that 
the SLPs are of a non-spherical shape at a temperature below the melting temperature. 

40 24. A suspension of colloidal solid lipid particles (SLPs) according to anyone of claims 17-23, characterized in that 
the particles are of micron orsubmicron size, predominantly in the size range from 20 to 500 nm. 

25. A suspension of colloidal solid lipid particles (SLPs) according to anyone of claims 17-24, characterized in that 
into the SLPs are entrapped drugs or bioactive compounds which are preferably poorly water-soluble, show a low 

45 bioavailability, are badly absorbed from the intestinum and/or will be rapidly degraded in biological environment 

by chemical or enzymatical processes. 

26. A suspension of colloidal solid lipid particles (SLPs) according to claim 25, characterized in that the entrapped 
drugs are preferably antibiotics such as fosfomycin, fosmidomycin and rifapentin; antihypertensives such as mi- 

so noxidil, dihydroergotoxine and endralazine; a nti hypotensives such as dihydroergotamine; systemic antimycotics 

such as ketoconazole and griseofulvin; antiphlogistics such as indomethacin. diclofenac, ibuprofen, ketoprofen 
and pirprofen; antiviral agents such as aciclovir, vidarabin and immunoglobulines; ACE inhibitors such as captopril 
and enalapril; betablockers such as propranolol, atenolol, metoprolol, pindolol, oxprenolol and labetalol; bronchodi- 
lators such as ipratropiumbromide andsobrerol; calcium antagonists such as diltiazem,flunarizin, verapamil, nifed- 

55 ipm, nimodipin and nitrendipin; cardiac glycosides such as digrtoxin, digoxin, methyldigoxin and acetyldigoxin; 

cephalosporins such as ceftizoxim, cefalexin, cefalotin and cefotaxim; cytostatics such as chlormethin, cyclophos- 
phamid, chlorambucil, cytarabin, vincristin, mitomycin C, doxorubicin, bleomycin, cisplatin, taxol, penclomedine 
and estramustine; hypnotics such as fturazepam, nitrazepam and lorazepam; psychotropic drugs such as ox- 
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azepam. diazepam and bromazepam; steroid hormones such as cortisone, hydrocortisone, prednisone, pred- 
nisolone, dexamethasone, progesterone, pregnanolone, testosterone and testosteroneundecanoat; vasodilators 
such as molsidomin, hydralazin and dihydralazin; cerebral vasodilators such as dihydroergotoxin, ciclonicat and 
vincamin; lipophilic vitamins such as Vitamins A, D, E, K and their derivates. 

5 

27. A suspension of particles of bioactive agents (PBAs) manufactured according to anyone of the claims 1 -3 and 5-1 6, 
characterized in that the PBAs are drugs showing a low bioavailability and/or being badly absorbed from the 
intestinum having melting points preferably below 1 00°C or the melting points of which can be decreased to below 
100°C by addition of adjuvants, especially anesthetics and narcotics such as butanilicaine, fomocaine, isobutam- 

10 bene, lidocalne, risocaine, prilocaine, pseudococaine, tetracaine, trimecaine, tropacocaine and etomidate; anti- 

cholinergics such as metixen and profenamine; antidepressives, psychostimulants and neuroleptics such as ali- 
menazine, binedaline, perazine, chlorpromazine, fenpentadiol, fenanisol, fluanisol, mebenazine, methylphenidate, 
thioridazine, toloxaton and trimipramine; antiepileptics such as dimethadion and nicethamide; antimycotics such 
as butoconazole : chlorphenesin, etisazole. exalamid : pecilocine and miconazole; antiphlogistics such as butibufen 

is and ibuprofen; bronchodilators such as bamifylline; cardiovascular drugs such as alprenoloL butobendine, clori- 

dazole, hexobendine, nicofibrate, penbutolol, pirmenol, prenylamine, procaine amide, propatylnitrate, suloctidil, 
toliprolol, xibendol and viquidile; cytostatics such as asperline, chlorambucil, chlomaphhazine, mitotane, estra- 
mustine, taxol, penclomedine and trofosfamide; hyperemic drugs such as capsaicine and methylnicotinate; lipid 
reducers such as nicoclonate, oxprenolol, pirifibrate, simfibrate and thiadenol; spasmolytics such as aminopro- 

20 mazine, caronerine, difemerine, fencarbamide, tiropramide and moxaverine; testosterone derivates such as tes- 

tosterone enantate and testosterone-(4-methylpentanoate); tranquilizers such as azaperone and buramate; viru- 
statics such as arildon; vitamin A derivates such as retinol, retinol acetate and retinol palmitate; vitamin E derivates 
such as tocopherol acetate, tocopherol succinate and tocopherol nicotinate; menadione; cholecalciferol; insecti- 
cides, pesticides and herbicides such as acephate. cyfluthrin. azinphosp hornet hy I, cypermethrine, substituted phe- 

25 nyl thiophosphates, fenclophos, permethrine, piperonal, tetramethrine and trifluraline. 

28. A suspension of particles of bioactive agents (PBAs) according to claim 27 or manufactured according to anyone 
of the claims 5-16, 

characterized in that the PBAs are water-insoluble at the temperature of emulsion preparation and will not be 
30 solubilized by the excess of stabilizers or form micelles by themselves the particle size of PBAs remaining un- 

changed before and after cooling to room temperature. 

29. A suspension of particles of bioactive agents (PBAs) according to claim 27 or manufactured according to anyone 
of claims 5-16, 

35 characterized in that the PBAs are partly water-soluble at the temperature of emulsion preparation and/or are 

able to form mixed micelles by the excess of stabilizers and/or form micelles by themselves leading to an increase 
of particle size after cooling to room temperature due to crystal growth and/or precipitation of dissolved bioactive 
agent and/or due to mass transport from smaller to larger particles. 

40 30. Liquid-free particles manufacured by removing the dispersion medium from a suspension according to anyone of 
claims 17-26, preferably by filtration, ultrafiltration or freeze-drying. 

31 . Liquid-free particles manufacured by removing the dispersion medium from a suspension according to anyone of 
claims 27-29, preferably by filtration, ultrafiltration or freeze-drying. 

45 

32. A suspension according to anyone of the claims 17-29 or liquid-free particles according to claim 30 or 31 for use 
as a medicament. 



so Patentanspruche 

1 . Ein Verfahren zum Emulgieren unloslicher oder maBig wasserloslicher pharmakologisch vertraglicher Mittel, wel- 
che bei Raumtemperaturfestsind und welche ein Lipid (Lipide) sind, das (die) vorzugsweise Schmelzpunkte zwi- 
schen 30°C und 120°C aufweisen, oder biologisch aktiv sind, dadurch gekennzeichnet, dass die folgenden 
55 Schritte durchgefuhrt werden: 

a. das feste Mittel oder eine Mischung von festen Mitteln wird geschmolzen, 
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b. ein Arzneimittel (Arzneimittel) Oder eine biologisch aktive Verbindung(en) wird/werden zu dem festen Mittel 
oder der Mischung von festen Mitteln zugegeben, wenn dieses/diese ein Lipid (Lipide) ist/sind, 

c. ein Dispersionsmedium wird auf ungefahrdieselbeTemperaturwie das geschmolzene teste Mittel oder die 
Mischung von festen Mitteln erwarmt, 

d. ein oder mehrere hochmobile wasserlosliche oder dispergierbare Stabilisator/Stabilisatoren, welcher/wel- 
chekeinegetrennte Phase in dem Dispersionsmedium bildet/bilden, wird/werden zu dem Dispersionsmedium 
in einer solchen Weise zugegeben, dass die Menge der hochmobilen Stabilisatoren nach der Emulgierung 
ausreicht, urn neu erzeugte Oberflachen wahrend der Umkristallisation zu stabilisieren, 

e. das geschmolzene Mittel oder die Mischung von Mitteln und das Dispersionsmedium wird/werden in einer 
flussigen Phase emulgiert, indem gegebenenfalls durch Ultraschall, Hochgeschwindigkeitsruhren oder Schut- 
teln mit der Hand vorgemischt wird, worauf eine zwingende Hochdruckhomogenisierung folgt, 

f . die homogenisierte Dispersion wird abkuhlen gelassen, bis anisometrische feste Teilchen durch Umkristal- 
lisation der dispergierten Mittel und, wenn das Mittel (die Mittel) ein Lipid (Lipide) ist/sind, Umwandlung in eine 
stabile polymorphe Modifikation, gebildet werden. 

Ein Verfahren gemaB Anspruch 1 , dadurch gekennzeichnet, dass in Schritt d. zusatzlich ein oder mehrere lipid- 
losliche oder -dispergierbare Stabilisatoren zu dem geschmolzenen Mittel oder der Mischung von Mitteln zugege- 
ben wird/werden. 

Ein Verfahren gemaB Anspruch 1 oder 2, dadurch gekennzeichnet, dass die homogenisierte Dispersion vor dem 
Abkuhlen unter die Umkristallisationstemperatur durch einen Filter geleitet wird, urn partikulare Kontaminationen 
auf eine solche Weise zu entfernen, dass die FilterporengroBe groB genug ausgewahlt wird, urn keine Teilchen 
des emulgierten, geschmolzenen Mittels zuruckzuhalten. 

Ein Verfahren gemaS Anspruch 1 , 2 oder 3, dadurch gekennzeichnet, dass das Mittel oder die Mischung von 
Mitteln ein Lipid/Lipide ist/sind, die vorzugsweise aus Mono-, Di- und Triglyceriden langkettiger Fettsauren; hy- 
drierten pflanzlichen Olen; Fettsauren und deren Estern; Fettalkoholen und deren Estern und Ethern; naturlichen 
oder synthetischen Wachsen wie z. B. Bienenwachs und Carnaubawachs; Wachsalkoholen und deren Estern, 
Sterolen wie z. B. Cholesterol und deren Estern, Hartparaffinen oder Mischungen der oben erwahnten Lipide 
aufgebaut sind. 

Ein Verfahren gemaB 1 , 2 oder 3, dadurch gekennzeichnet, dass das Mittel oder die Mischung von Mitteln ein 
biologisch aktives Mittel/biologisch aktive Mittel oder ein Arzneimittei/Arzneimlttel, die vorzugsweise eine geringe 
Bioverfugbarkeit zeigen und/oder vom Darm schlecht absorbiert werden, die Schmelzpunkte aufweisen, die vor- 
zugsweise unter 100°C liegen, oder deren Schmelzpunkte durch Zugabe von Hilfsmitteln unter 100°C gesenkt 
werden kbnnen, vorzugsweise Anasthetika und Narkotikawiez. B. Butanilicain. Fomocain, Isobutamben, Lidocain, 
Risocain. Pseudococain, Prilocain, Tetracain, Trimecain, Tropacocain und Etomidat; Anticholinergika wie z. B. 
Metixen und Profenamin; Antidepressiva, Psychostimulanzien und Neuroleptika wie z. B, Alimenazin, Binedalin, 
Perazin, Chlorpromazin, Fenpentadiol, Fenanisol. Mebenazin, Methylphenidat, Thioridazin, Toloxaton und Trimi- 
pramid; Antiepileptika wie z. B. Dimethadion und Nicethamid; Antimycotika wie z, B. Butoconazol, Chlorphenesin, 
Etisazol, Exalamid, Precilocin und Miconazol; Antiphlogistika wie z. B, Butibufen und Ibuprofen; Bronchodilatoren 
wiez. B. Bamifyllin; Herzkreislaufarzneimittel wiez. B. Alprenolol, Butobendin, Clordiazol, Hexobendin, Nicofibrat, 
Penbutolol, Pirmenol, Prenylamin, Procainamid, Propatrylnitrat, Suloctidil, Toliprolol, Xidbendol und Viquidi!; Cy- 
tostatika wie z. B. Asperlin, Chlorambucil, Mitotan, Estramustin, Taxol, Penclomedin und Trofosfamid; hyperami- 
sche Arzneimittel wiez. B. Capsaicin und Methytnicotinat, Lipidsenkerwiez. B. Nicoclonat, Oxprenolol, Pirifibrat, 
Simfibrat undThiadenol; Spasm olytika wiez. B. Aminopromazin, Caronerin, Difemerin, Fencarbamid.Tiropramid 
und Moxaverin; Testosteronderivate wie z. B. Testosteronenantat und Testosteron-(4-methylpentanoat); Tranqui- 
lizer wie z. B. Azaperon und Buramat; Virustatika wie z. B. Arildon; Vitamin A-Derivate wie z. B. Retinol, Retino- 
lacetat und Retinolpalmitat; Vitamin E-Derivate wie z. B. Tocopherolacetat, Tocopherolsuccinat und Tocopherol- 
nicotinat; Menadion; Cholecalciferol; Insektizide, Pestizide und Herbizide wie z. B. Acephat, Cyfluthrin, Azinphes- 
phomethyl, Cypermethrin, substituierte Phenylthiophosphate, Fenclophos, Permethrin, Piperonal, Tetramethrin 
und/oder Trif I ural in ist/sind. 

Ein Verfahren gemaB irgendeinem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass nach der 
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Homogenisierung die Oberflachencharakteristika derTeilchen, urn die biologische Verteilung der Teilchen zu steu- 
ern, vorzugsweise durch Adsorption von Polymeren oder durch Dialyse von wasserldslichen Tensiden modifiziert 
werden. 

7. Ein Verfahren gemaB irgendeinem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die Disper- 
sion wahrend des Abkuhlens, beispielsweise mittels eines Magnetruhrers, geruhrt wird. 

8. Ein Verfahren gemaB irgendeinem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Disper- 
sionsmedium eine pharmakologisch vertragliche FlCissigkeit, welche das Mittel oder die Mischung von Mitteln nicht 
lost, insbesondere Wasser, Ethanol, Propylenglykol, Dimethylsulfoxid (DMSO) oder M ethyl isobuty I keton oder eine 
Mischung von diesen, vorzugsweise Wasser, ist. 

9. Ein Verfahren gemaB irgendeinem der Anspruche 2 bis 8, dadurch gekennzeichnet, dass der Stabilisator oder 
die Stabilisatoren amphipatische Verbindungen, insbesondere ionische und nichtionische Tenside, vorzugsweise 
naturlich auftretende wie auch synthetische Phospholipide, deren hydrierte Derivate und Mischungen von diesen, 
Sphingolipide und Glycosphingolipide; physiologische Gallensalze wie z. B. Natriumcholat, Natriumdehydrocholat, 
Natriumdeoxychoiat, Natriumglycocholat und Natriumtaurocholat; gesattigte und ungesattigte Fettsauren oder 
Fettalkohole; ethoxylierte Fettsauren oder Fettalkohole und deren Ester und Ether; Alkylarylpolyetheralkohole wie 
z. B. Tyloxapol; Ester und Ether von Zuckern oderZuckeralkoholen mit Fettsauren oder Fettalkoholen; acetylierte 
oder ethoxylierte Mono- und Diglyceride; synthetische biologisch abbaubare Polymere wie Blockcopolymere von 
Polyoxyethylen und Polyoxypropylenoxid; ethoxylierte Sorbitanester oder Sorbitanether; Aminosauren, Polypep- 
tide und Proteine wie z. B. Gelatine und Albumin; oder eine Kombination aus zwei oder mehreren der oben er- 
wahnten Stabilisatoren sind. 

10. Ein Verfahren gemaB irgendeinem der Anspruche 2 bis 9, dadurch gekennzeichnet, dass der Stabilisator oder 
die Stabilisatoren eine Kombination aus Phospholipiden und Gallensalzen ist/sind. 

11. Ein Verfahren gemaB Anspruch 10, dadurch gekennzeichnet, dass das Molverhaltnis von Phospholipiden zu 
Gallensalzen 2:1 betragt oder daruber liegt. 

12. Ein Verfahren gemaB irgendeinem der Anspruche 1 bis 9, dadurch gekennzeichnet, dass der Stabilisator oder 
die Stabilisatoren eine Kombination aus Phospholipiden und Natriumglycocholat in einem Molverhaltnis zwischen 
2:1 und 4:1 ist/sind. 

13. Ein Verfahren gemaB irgendeinem der Anspruche 10 bis 12, dadurch gekennzeichnet, dass das Dispersions- 
medium Isotonizitatsmittel, vorzugsweise Glycerol, und/oder Kalteschutzmittel, vorzugsweise Zucker oder Zuk- 
keralkohole, enthalt. 

14. Ein Verfahren gemaB irgendeinem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Disper- 
sionsmedium einen oder mehrere der folgenden Zusatze enthalt; wasserlosliche oder dispergierbare Stabilisato- 
ren; Isotonizitatsmittel, vorzugsweise Glycerol oder Xylitol; Kalteschutzmittel. vorzugsweise, Sucrose, Glucose, 
Maltose oden Trehalose; Elektrolyte; Puffer; Antiflockungsmittel, vorzugsweise Natriumcitrat Natriumpyrophos- 
phat oder Natriumdodecyisulfat; und Konservierungsmittel. 

15. Ein Verfahren gemaB irgendeinem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die Disper- 
sion vorzugsweise durch Autoklavieren oder Sterilfiltration sterilisiert wird, bevor die Dispersion unter die Umkri- 
stallisationstemperatur der geschmolzenen Lipide abgekuhlt wird. 

16. Ein Verfahren gemaB irgendeinem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass in einem 
nachfolgenden Schritt das Dispersionsmedium vorzugsweise durch Verdunsten in seinem Volumen verkleinert 
wird oder durch Filtration, Ultrafiltration oderGefriertrocknen entfernt wird, was so fliissigkeitsfreie Teilchen ergibt, 
welche vor der Anwendung rekonstituiert werden konnen. 

17. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) : die gemaB irgendeinem der Anspruche 1 bis 4 und 6 bis 
1 6 hergesteltt werden, dadurch gekennzeichnet, dass die SLPs vorzugsweise aus Mono-, Di- und Triglyceriden 
langkettiger Fettsauren; hydrierten pflanzlichen Olen; Fettsauren und deren Estem; Fettalkoholen und deren 
Estern und Ethern; naturlichen oder synthetischen Wachsen wie z. B. Bienenwachs und Carnaubawachs; Wach- 
salkoholen und deren Estern, Sterolen wie z. B. Cholesterol und deren Estern, Hartparaffinen oder Mischungen 
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der oben erwahnten Lipide aufgebaut sind. 

18. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB Anspruch 1 7, dadurch gekennzeichnet, dass die 
Teilchen durch eine Kombination von Phospholipiden und Gallensalzen stabilisiert sind. 

5 

19. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB Anspruch 18, dadurch gekennzeichnet, dass 
das Molverhaltnis von Phospholipiden zu Gallensalzen 2:1 betrSgt Oder daruber liegt. 

20. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB Anspruch 17, dadurch gekennzeichnet, dass die 
10 Teilchen durch eine Kombination von Phospholipiden und Natriumglycocholat in einem Molverhaltnis zwischen 2: 

1 und 4:1 stabilisiert sind. 

21. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB irgendeinem der Anspruche 18 bis 20, dadurch 
gekennzeichnet, dass das Dispersionsmedium Isotonizitatsmittel. vorzugsweise Glycerol, und/oder Kalteschutz- 

15 mittel, vorzugsweise Zucker oder Zuckeralkohole. enthalt. 

22. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB irgendeinem der Anspruche 17 bis 21, dadurch 
gekennzeichnet, dass die SLPs in einer nicht-a-ahnlichen kristallinen Modifikation bei einer Temperatur unter 
der Schmelztemperatur vorliegen. 

20 

23. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB irgendeinem der Anspruche 17 bis 22, dadurch 
gekennzeichnet, dass die SLPs bei einer Temperatur unter der Schmelztemperatur eine nicht-kugelformige Ge- 
statt aufweisen. 

25 24. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB irgendeinem der Anspruche 17 bis 23, dadurch 
gekennzeichnet, dass die Teilchen eine Mikron- oder SubmikrongroBe, vorwiegend in dem GroBenbereich von 
20 bis 500 nm, aufweisen. 

25. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB irgendeinem der Anspruche 17 bis 24, dadurch 
30 gekennzeichnet, dass in den SLPs Arzneimittel oder biologisch aktive Verbindungen eingeschlossen sind, welche 

vorzugsweise schlecht wasserloslich sind, eine geringe Bioverfugbarkeit zeigen, schlecht vom Darm absorbiert 
werden und/oder in der biologischen Umgebung durch chemische oder enzymatische Prozesse schnell abgebaut 
werden. 

35 26. Eine Suspension kolloidaler fester Lipidteilchen (SLPs) gemaB Anspruch 25, dadurch gekennzeichnet, dass die 
eingeschlossenen Arzneimittel vorzugsweise Antibiotika wiez. B. Fosfomycin, Fosmidomycin und Rifapentin; An- 
tihypertensiva wie z. B. Minoxidil, Dihydroergotoxin und Endralazin; Antihypotensiva wie z. B. Dihydroergotamin; 
systemische Antimycotika wie z. B. Ketoconazol und Griseofulvin; Antiphlogistika wie z. B. Indomethacin, Dicl- 
ofenac, Ibuprofen, Ketoprofen und Pirprofen; antivirale Mittel wie z. B. Aciclovin Vidarabin und Imrnunglobuline; 

40 ACE-lnhibitoren wie z. B. Captopril und Enalapril; Betablocker wie z. B. Propranolol, Atenolol, Metoprolol, Pindolol, 

Oxprenolol und Labetalol; Bronchodilatoren wie z. B. Ipratropiumbromld und Sobrerol; Calciumantagonisten wie 
z. B. Diltiazem, Flunarizin, Verapamil, Nifedipin, Nimodipin und Nitrendipin; Herzglycoside wie z. B. Digitoxin, Di- 
goxin, Methyldigoxin und Acetyldigoxin; Cephalosporine wiez. B. Ceftizoxim, Cefalexin, Cefalotin und Cefotaxim; 
Cytostatika wie z. B. Chlormethin, Cyclophosphamid, Chlorambucil, Cytarabin, Vincristin, Mitomycin C, Doxoru- 

45 bicin, Bleomycin, Cisplatin, Taxol; Penclomedin und Estramustin; Hypnotika wie z. B. Flurazepam, Nitrazepam 

und Lorazepam; psychotrope Arzneimittel wiez. B. Oxazepam, Diazepam und Bromazepam; Steroidhormone wie 
z. B. Cortison, Hydrocortison, Prednison, Prednisolon, Dexamethason, Progesteron, Pregnanolon, Testosteron 
und Testosteronundecanoat; Vasodilatoren wie z. B. Molsidomin, Hydralazin und Dihydralazin; zerebrale Vasodi- 
latoren wie z: B. Dihydroergotoxin, Ciclonicat und Vincamin; Npophile Vitamine wie z. B. die Vitamine A, D, E, K 

so und deren Derivate sind. 

27. Eine Suspension von Teilchen biologisch aktiver Mittel (PBAs), die gemaB irgendeinem der Anspruche 1 bis 3 und 
5 bis 16 hergestellt wurde, dadurch gekennzeichnet, dass die PBAs Arzneimittel, welche eine geringe Biover- 
fugbarkeit zeigen und/oder von dem Darm schlecht absorbiert werden. mit Schmelzpunkten, die vorzugsweise 
55 unter 100°C liegen, oder deren Schmelzpunkte durch Zugabe von Hilfsmitteln auf unter 100°C gesenkt werden 

konnen, insbesondere Anasthetika und Narkotika wie z. B. Butanilicain, Fomocain, Isobutamben, Lidocain, Riso- 
cain, Prilocain, Pseudococain, Tetracain : Trimecain, Tropacocain und Etomidat; Anticholinergika wiez. B. Metixen 
und Profenamin; Antidepressiva, Psychostimulanzien und Neuroleptika wie z. B. Alimenazin, Binedalin, Perazin, 
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Chlorpromazin, Fenpentadiol, Fenanisol, Fluanisol, Mebenazin, Methylphenidat, Thioridazin, Toloxaton und Tri- 
mipramin; Antiepileptika wie z. B. Dimethadion und Nicethamid; Antimycotika wie z. B. Butoconazol, Chlorphene- 
sin, Etisazol, Exalamid, Precilocin und Miconazol; Antiphlogistika wiez. B. Butibufen und Ibuprofen; Bronchodila- 
toren wiez. B. Bamifyllin; Herzkreislaufarzneimittet wie z. B. Alprenolol, Butobendin, Cloridazol, Hexobendin, Nl- 
cofibrat, Penbutolol, Pirmenol, Prenylamin, Procainamid, Propatylnitrat, Suloctidii, Toliprolol, Xidbendol und Viqui- 
dil; Cytostatika wie z. B. Asperlin, Chlorambucil, Chlornaphhazin, Mitotan, Estramustin, Taxol, Penclomedin und 
Trofosfamid; hyperamische Arzneimittel wie z. B. Capsaicin und Methylnicotinat Lipidsenker wie z. B. Nicoclonat, 
Oxprenolol, Pirifibrat, Simfibrat undThiadenol; Spasmolytikawiez. B. Aminopromazin, Caronerin, Difemerin, Fen- 
carbamid, Tiropramid und Moxaverin; Testosteronderivate wie z, B. Testosteronenantat undTestosteron-(4-methyl- 
pentanoat); Tranquilizer wie z. B. Azaperon und Buramat; Virustatika wie z. B. Arildon; Vitamin A-Derivate wie z. 
B. Retinol, Retinolacetat und Retinolpalmitat; Vitamin E-Derivate wiez. B. Tocopherolacetat, Tocopherolsuccinat 
und Tocopherolnicotinat; Menadion; Cholecalciferol; Insektizide, Pestizide und Herbizide wie z. B. Acephat, Cy- 
fluthrin, Azinphosphomethyl, Cypermethrin, substituierte Phenylthiophosphate, Fenclophos, Permethrin, Pipero- 
nal. Tetramethrin undTrifluralin sind. 

28. Eine Suspension von Teilchen biologisch aktiver Mittel (PBAs) gemaQ Anspruch 27 oder hergestellt gemaG irgend- 
einem der Anspruche 5 bis 16, dadurch gekennzeichnet, dass die PBAs bei der Temperatur der Herstellung der 
Emulsion wasserunlbslich sind und nicht durch den Uberschuss an Stabilisatoren solubilisiert werden oder mit 
sich selbst Mizellen bilden, wobei die TeilchengroGe der PBAs vor und nach dem Abkuhlen auf Raumtemperatur 
unverandert bleibt. 

29. Eine Suspension von Teilchen biologisch aktiver Mittel (PBAs) gemaG Anspruch 27 oder hergestellt gemaG irgend- 
etnem der Anspruche 5 bis 1 6, dadurch gekennzeichnet, dass die PBAs bei der Temperatur der Herstellung der 
Emulsion teilweise wasserloslich sind und/oder in der Lage sind, durch den Uberschuss an Stabilisatoren gemisch- 
te Mizellen zu bilden, und/oder mit sich selbst Mizellen bilden : was zu einer Zunahme der TeilchengroGe nach dem 
Abkuhlen auf Raumtemperatur aufgrund von Kristallwachstum und/oder Prazipitation von gelosten biologisch ak- 
tiven Mitteln und/oder aufgrund eines Massetransports von kleineren zu groGeren Teilchen fuhrt. 

30. Fiiissigkeitsfreie Teilchen, die durch ein Entfernen des Dispersionsmediums aus einer Suspension gemaG irgend- 
einem der Anspruche 17 bis 26, vorzugsweise durch Filtration, Ultrafiltration oder Gefriertrocknen, hergestellt wer- 
den. 

31. Fiiissigkeitsfreie Teilchen, die durch ein Entfernen des Dispersionsmediums aus einer Suspension gemaG irgend- 
einem der Anspruche 27 bis 29, vorzugsweise durch Filtration, Ultrafiltration oder Gefriertrocknen, hergestellt wer- 
den. 

32. Eine Suspension gemaB irgendeinem der Anspruche 17 bis 29 oder fiiissigkeitsfreie Teilchen gemaB Anspruch 
30 oder 31 zur Verwendung als ein Medikament. 

Revendlcatlons 

1 . Procede pour emulsionner des agents pharmacologiquement acceptables insolubles ou peu solubles dans I'eau 
qui sont solides a temperature ambiante et qui sont des (un) lipide(s) ayant de preference des points de fusion 
entre 30°C et 120°C, ou bioactifs, caracterises en ce que les etapes suivantes sont realisees : 

a. I'agent solide ou un melange des agents solides est fondu, 

b. le ou les medicament(s) ou le ou les composes bioactif(s) est/sont ajoute(s) a I'agent solide ou au melange 
d'agents solides si il/ils est/sont un/des lipide(s), 

c. on chauffe un milieu de dispersion a approximativement la meme temperature que I'agent solide fondu ou 
le melange d'agents solides, 

d. on ajoute au milieu de dispersion un/des stabilisant(s) hautement mobile(s) dispersible(s) ou soluble(s) 
dans I'eau qui ne forme(nt) pas une phase separee dans le milieu de dispersion, de telle facon que la quantite 
de stabilisants hautement mobiles est. apres emulsification. suffisante pour stabiliser les surfaces nouvelle- 
ment creees pendant la recristallisation, 

e. I'agent fondu ou le melange d'agents et le milieu de dispersion est/sont emulsionnes dans une phase liquide 
en premeiangeant de fa^on facultative par sonification, melange a vitesse elevee ou agitation manuelle, suivi 
par une homogeneisation obligatoire sous haute pression ; 
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f. on laisse refroidir la dispersion homogeneisee jusqu'a ce que des particules solides anisometriques soient 
formees par recristallisation des agents dispersants et, quand les agents/I 'agent sont/est un/des lipide(s), 
transformation en une modification polymorphique stable. 

5 2. Procede selon la revendication 1 , caracterise en ce que dans I'etape d, on ajoute en outre a I'agent fondu ou au 
melange d'agents un ou plusieurs stabilisant(s) dispersible(s) ou soluble(s) dans les lipides. 

3. Procede selon la revendication 1 ou 2, caracterise en ce que Ton passe la dispersion homogeneisee a travers 
un filtre avant de refroidir a une temperature inferieure a la temperature de recristallisation pour retirer les conta- 

10 minations particulates de telle facon que la taille de pore du filtre est choisie suffisamment grande pour retenir 

les particules des agents fondus emulsionn^s. 

4. Procede selon la revendication 1 , 2 ou 3, caracterise en ce que I'agent ou le melange d'agents est/sont un/des 
lipides, constitues de preference par des mono-, di- et triglycerides d'acides gras a longue chatne ; des huiles 

'5 vegetales hydrogenees ; des acides gras et de leu rs esters ; des al cools gras et de leurs esters et ethers ; des 

cires naturelles ou synthetiques telles que la cire d'abeille et la cire de carnauba ; des alcools de cires et leurs 
esters ; des sterols tels que le cholesterol et ses esters ; des paraffines dures ou des melanges des lipides men- 
tionnes ci-dessus. 

20 5. Procede selon la revendication 1 , 2 ou 3, caracterise en ce que I'agent ou le melange d'agents est/sont un agent 
bioactif ou des agents bioactifs ou un/des medicament(s) montrant de preference une biodisponibilite faible et/ou 
etant mal absorbers) a partir de I'intestin, et ayant des points de fusion de preference inferieurs a100°C ou des 
points de fusion que Ton peut diminuer a moins de 100°C par addition d'adjuvants, de preference des anesthesi- 
ques et des narcotiques tels que la butanilicaine, lafomocai'ne, I'isobutambene, la lidocaine, la risocaTne, la pseu- 
ds dococaine, la prilocai'ne, la tetracaine, la trimecaTne, la tropacocaine, et I'etomidate ; des anticholinergiques tels 
que le metixene et la profenamine ; des antidepresseurs : des psychostimulants et des neuroleptiques tels que 
I'alimenazine, la bin6daline, la perazine, la chlorpromazine, le fenpentadiol, le fenanisol, la meb6nazine, le m6- 
thylphenidate, la thioridazine, le toloxaton et la trimipramide ; des antiepileptiques tels que le dim&hadion et le 
nicethamide ; des antimycotiques tels que le butoconazole, la chlorphenesine, I'etisazole, I'exalamide, la precilo- 
30 cine et le miconazole ; des antiphlogistiques tels que le butibufene et I'ibuprofdne ; des bronchodilatateurs tels 
que la bamifylline ; des medicaments cardiovasculaires tels que I'alprenolol, la butobendine, le clordiazole, I'hexo- 
bendine : le nicofibrate : le penbutolol, le pirmenol, laprenylamine, la procainamide, le propatrylnitrate, le suloctidil, 
le toliprolol, le xidbendol, et le viquidile ; des cytostatiques tels que I'asperline, le chlorambucile, le mitotane, I'es- 
tramustine, le taxol, le penclomedine et le trofosfamide ; des medicaments hyperemiques tels que la capsatcine 
35 et le methylnicotinate ; des reducteurs de lipides tels que le nicloclonate, I'oxprenolol, le pirifibrate, le simfibrate 
et le thiadenol ; des spasmolytiques tels que I'aminopromazine, la caronerine, la difemerine, le fencarbamide, le 
tiropramide et la moxaverine ; des derives de la testosterone tels que I'enantate de testosterone et le 4-methyl- 
pentanoate de testosterone ; des tranquillisants tels que I'azaperone et le buramate ; des inhibiteurs viraux tels 
que Parildon ; des derives de la vitamine A tels que le retinol, I'acetate de retinol et le palmibate de retinol ; des 
40 derives de la vitamine E tels que I'acetate de tocopherol, le succinate de tocopherol et le nicotinate de vitamine 
E ; la menadione ; le cholecalciferol ; des insecticides, des pesticides et des herbicides tels que I'ac6phate, la 
cyfluthrine, I'azinphesphometyle, la cypermethrine, des phenylthiophosphates substitues, le fenclophos, la per- 
methrine, le piperonal, la tetramethrine et/ou la trifluraline. 

45 6. Procede selon I'une quelconque des revendications precedentes, caracterise en ce que les caracteristtques de 
surface des particules sont modifiees apres homogeneisation de facon a controler la biodistribution des particules, 
de preference par adsorption de polymeres ou par dialyse de surfactants solubles dans I'eau. 

7. Procede selon I'une quelconque des revendications precedentes, caracterise en ce que, pendant le refroidisse- 
so ment, la dispersion est agit6e t tel qu'au moyen d'un agitateur magn6tique. 

8. Procede selon I'une quelconque des revendications precedentes, caracterise en ce que le milieu de dispersion 
est un liquide pharmacologiquement acceptable ne dissolvant pas I'agent ou le melange d'agents, particulierement 
I'eau, I'ethanol, le propylene glycol, du dimethyl sulfoxyde (DMSO) ou la methyl isobutyl cetone ou un de leurs 

55 melanges, de preference I'eau. 

9. Procede selon i'une quelconque des revendications 2 a 8, caracterise en ce que le stabilisant ou les stabilisants 
sont des composes amphiphatiques, particulierement des surfactants ioniques et non ioniques, de preference des 
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phospholipides naturels aussi bien que synthetiques, leurs derives hydrogenes et leurs melanges, des sphingoli- 
pides et des glycosphingolipides ; des sels biliairesphysiologiques tels que le chelate de sodium, le dtshydrocho- 
late de sodium, le desoxycholate de sodium, le glycocholate de sodium et le taurocholate de sodium ; des alcools 
gras ou des acides gras satures et insatures ; des alcools gras ou des acides gras ethoxyles et leurs esters et 
5 ethers ; des alkylaryl alcools polyetheres tels que le tyloxapoi ; des esters et des ethers de sucres ou sucre alcools 

avec des acides gras ou des alcools gras ; des mono- et des di-glycerides acetyles ou ethoxyles ; des polymeres 
synthetiques biodegradables tels que des copolymeres bloc de polyoxyethylene et d'oxyde de polyoxypropylene ; 
des ethers de sorbitan ou des esters de sorbitan ethoxyles ; des acides amines, des polypeptides et des proteines 
tels que la gelatine et I'albumine ; ou une combinaison de deux ou plusieurs des stabilisants mentionnes ci-dessus. 

10 

10. Procede selon Tune quelconque des revendications 2 a 9, caracterise en ce que le stabilisant ou les stabilisants 
est/sont une combinaison de phospholipides et de sels biliaires. 

1 1 . Procede selon la revendication 1 0, caracterise en ce que le rapport molaire des phospholipides aux sels biliaires 
is est 2:1 ou superieur. 

12. Procede selon Tune quelconque des revendications 1 a 9, caracterise en ce que le stabilisant ou les stabilisants 
est/sont une combinaison de phospholipides etde glycocholate de sodium dans un rapportmolaireentre2:1 et4:1 . 

20 1 3. Precede selon Tune quelconque des revendications 1 0 a 1 2, caracterise en ce que le milieu de dispersion contient 
des agents d'isotonicite, de preference du glycerol, et/ou des cryoprotecteurs, de preference des sucres ou des 
alcools glucidiques. 

14. Proc6de selon Tune quelconque des revendications precedentes, caracterise en ce que le milieu de dispersion 
25 contient un ou plusieurs des additifs suivants : stabilisants dispersibles ou solubles dans I'eau; agents d'isotonicite, 

de preference du glycerol ou du xylitol ; des cryoprotecteurs, de preference du sucrose, du glucose, du maltose 
ou du trehalose ; des electrolytes ; des tampons ; des antifloculants, de pr6f6rence du citrate de sodium, du py- 
rophosphate de sodium ou du dodecylsulfate de sodium ; et des conservateurs. 

30 15. Proc6d6 selon Tune quelconque des revendications precedentes, caracterise en ce que la dispersion est steri- 
lisee, de preference par autoclave ou filtration sterile avant de refroidir la dispersion a une temperature inferieure 
a la temperature de recristallisation des lipides fondus. 

16. Procede selon I'une quelconque des revendications precedentes, caracterise en ce que, dans une etape subse- 
ts quente, le milieu de dispersion est reduit en volume, de preference par evaporation, ou est retire par filtration, 

ultrafiltration ou lyophilisation, donnant ainsi des particules libres de liquide que Ton peut reconstituer avant utili- 
sation. 

17. Suspension de particules lipides sotides (PLS) colloTdales fabriquees selon I'une quelconque des revendications 
40 1 a 4 et 6 a 16, caracterisee en ce que les PLS sont constitutes de preference de mono-, di- et triglycerides 

d'acides gras a longues chaTnes ; d'huiles vegetales hydrog6nees ; d'acides gras etde leurs esters ; d'alcools gras 
et de leurs esters et ethers ; de cires naturelles ou synthetiques telles que la cire d'abeilte et la cire de carnauba ; 
des alcools de cires et de leurs esters, des sterols tels que le cholesterol et ses esters, des paraffines dures ou 
des melanges des lipides ci-dessus mentionnes. 

45 

18. Suspension de particules lipides solides (PLS) colloidales selon la revendication 17, caracterisee en ce que les 
particules sont stabilisees par une combinaison de phospholipides et de sels biliaires. 

19. Suspension de particules lipides solides (PLS) colloidales selon ta revendication 18, caracterisee en ce que le 
so rapport molaire des phospholipides aux sels biliaires est 2:1 ou superieur. 

20. Suspension de particules lipides solides (PLS) colloidales selon la revendication 17, caracterisee en ce que les 
particules sont stabilisees par une combinaison de phospholipides et de glycocholate de sodium dans un rapport 
molaire entre 2:1 et4:1. 

55 

21. Suspension de particules lipides soiides (PLS) colloidales selon I'une quelconque des revendications 18 a 20, 
caracterisee en ce que le milieu de dispersion contient des agents d'isotonicite, de preference du glycerol, et/ou 
des cryoprotecteurs, de preference des sucres ou des alcools glucidiques. 
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22. Suspension de particules lipides solides (PLS) colloi'dales selon Tune quelconque des revendications 17 a 21 , 
caracterisee en ce que les PLS sont une modification cristalline non-de-type-a a une temperature inferieure a la 
temperature de fusion. 

s 23. Suspension de particules lipides solides (PLS) colloi'dales selon I'une quelconque des revendications 17 a 22 ( 
caracterisee en ce que les PLS sont d'une forme non spherique a une temperature inferieure a la temperature 
de fusion. 

24. Suspension de particules lipides solides (PLS) colloi'dales selon I'une quelconque des revendications 17 a 23, 
10 caracterisee en ce que les particules sont de la taille du micron ou inferieure au micron, de facon predominante 

dans la gamme de tailles de 20 a 500 nm. 

25. Suspension de particules lipides solides (PLS) colloi'dales selon I'une quelconque des revendications 17 a 24, 
caracterisee en ce que, dans les PLS, sont inclus des medicaments ou des composes bioactifs et qui sont de 

15 preference peu solubles dans I'eau. montrent une faible biodisponibilite, sont mal absorbes a partir de I'intestin et/ 

ou sont rapidement degrades dans I'environnement biologique par des processus enzymatiques ou chimiques. 

26. - Suspension de particules colloi'dales de lipides solides (PLS) selon la revendication 25, caracterisee en ce que 

les medicaments inclus sont de preference des antibiotiques tels que la fosfomycine, la fosmidomycine et la 

20 rifapentine ; des antihypertenseurs tels que le minoxidil, la dihydroergotoxine et I'endralazine ; des antihypoten- 

seurs tels que la dihydroergotamine ; des antimycotiques systemiques tels que le ketoconazole et la griseofulvine ; 
des antiphlogistiques tels que I'indomethacine, le diclofenac, I'ibuprofene, le ketoprofene et le pirprofene ; des 
agents antiviraux tels que I'aciclovir, la vidarabine et les immunoglobulines ; des inhibiteurs de I'ECA tels que le 
captopril et I'enalapril ; des betabloquants tels que le propanolol, I'atenolol, le metoprolol, le pindolol, i'oxprenolol 

25 et le labetalol ; des bronchodilatateurs tels que le bromure d'ipratropium et le sobrerol ; des antagonistes du calcium 

tels que le diltiazem, la flunarizine, le verapamil, la nifedipine, la nimodipine et la nitrendipine ; des glucosides 
cardiotoniques tels que la digitoxine, la digoxine, la m6thyldigoxine et I'acetyldigoxine ; des cephalosporines telles 
que la ceftizoxime, la cefalexine, la cefalotine et le cefatoxime ; des cytostatiques tels que la chlormethine, le 
cyclophosphamide, le chlorambucil, la cytarabine, la vincristine, la mitomycine C, la doxorubicine, la bleomycine, 

30 la cisplatine, le taxol, la penclomedine et I'extramustine ; des hypnotiques tels que le flurazepam, le nitrazepam 

et le lorazepam ; des medicaments psychotropes tels que I'oxazepam, le diazepam et le bromazepam ; des hor- 
mones steroidiennes telles que la cortisone, I'hydrocortisone, la prednisone, la prednisolone, la dexamethasone, 
la progesterone, la pregnanolone, la testosterone et I'undecanoate de testosterone ; des vasodilatateurs tels que 
la molsidomine, ['hydralazine et la dihydralazine ; des vasodilatateurs cerebraux tels que la dihydroergotoxine. le 

35 ciclonicat et la vincamine ; des vitamines lipophiles telles que les vitamines A, D, E, K et leurs derives. 

27. Suspension de particules d'agents bioactifs (PAB) fabriquee selon Tune quelconque des revendications 1 a 3 et 
5 a 16, caracterisee en ce que les PAB sont des medicaments montrant une biodisponibilite faible et/ou etant 
mal absorbes a partir de I'intestin et ayant des points de fusion de preference inferieurs a 100°C ou des points de 

40 fusion que Ton peut faire baisser en dessous de 100°C par addition d'adjuvants, particulierement des anesthesi- 

ques et des narcotiques tels que la butanilicaine, la fomocaine, I'isobutambene, la lidocame, la risocaine, la pri- 
locaine, la pseudococaine, le tetracaine, la trimecaine, la tropacocaine et I'etomidate ; des anticholinergetiques 
tels que le metixene et la profenamine ; des antidepresseurs, des psychostimulants etdes neuroleptiques tels que 
I'alimenazine, la binedaline, la p6razine, la chlorpromazine, le fenpentadiol, te fenanisol, le fluanisol, la mebena- 

45 zine, le methylphenidate, la thioridazine, le toloxaton et la trimipramine ; des antiepileptiques tels que le dimetha- 

dion et le nicethamide ; des antimycotiques tels que le butoconazole, la chlorphenesine, I'etisazole, I'exalamide, 
la pecilocine et le miconazole ; des antiphlogistiques tels que le butibufene et I'ibuprofene ; des bronchodilatateurs 
tels que la bamifylline ; des medicaments cardiovasculaires tels que I'alprenolol ; la butobendine ; le cloridazole, 
I'hexobendine, le nicofibrate, le penbutolol, le pirmenol, la prenylamine, la procainamide, le nitrate de propatyle, 

so le suloctidil, le toliprolol, le xibendol et le viquidile ; des cytostatiques tels que I'asperline, le chlorambucil, la chlo- 

maphazine, le mitotane, I'estramustine, le taxol, la penclomedine et le trofosfamide ; les medicaments hyperemi- 
ques tels que la capsaicine et le nicotinate de methyle ; les reducteurs des lipides tels que le nicloclonate, I'ox- 
prenolol, le pirifibrate, le simfibrate et le thiadenol ; les spasmolytiques tels que I'aminopromazine. la caronerine, 
la difemerine, le fencarbamide. la tiropramide et la moxaverine ; les derives de la testosterone tels que I'enantate 

55 de testosterone et le 4-methylpentanoate de testosterone ; des tranquillisants tels que I'azaperone et le buramate ; 

des inhibiteurs viraux tels que I'arildon ; des derives de vitamine A tels que le retinol, I'acetate de retinol et le 
palmitate de retinol ; des derives de vitamine E tels que I'acetate de tocopherol, le succinate de tocopherol et le 
nicotinate de tocopherol ; la menadione ; le cholecalciferol; des insecticides, des pesticides et des herbicides tels 
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que I'acephate, ta cyfluthrine, I'azinphosphomethyle, la cypermethrine, les phenylthiophosphates substitues, le 
fenclophos, la permethrine, le piperonal, la tetramethrine et la trifluraline. 

28. Suspension de particules d'agents bioactifs (PAB) selon la revendication 27 ou fabriquee selon Tune quelconque 
des revendications 5 a 16, caracterisee en ce que les PAB sont insolubles dans I'eau a la temperature de pre- 
paration de I'emulsion et ne sont pas solubilises par un exces de stabilisants et neformeront pas de micelles par 
eux-memes, la taille de particules des PAB restant inchangee avant et apres le refroldissement a la temperature 
ambiante. 

29. Suspension de particules d'agents bioactifs (PAB) selon la revendication 27 ou fabriqu6e selon Tune quelconque 
des revendications 5 a 1 6, caracterisee en ce que les PAB sont partiellement solubles dans I'eau a la temperature 
de preparation de I'emulsion et/ou sont capables de former des micelles m^langees par un exces de stabilisants 
et/ou de former des micelles par eux-memes conduisant a une augmentation de la taille de particules apres re- 
froidissement a temperature ambiante du fait de la croissance du cristal et/ou de la precipitation de I'agent bioactif 
dissous et/ou du fait du transfert de masse depuis les particules les plus petites vers les particules les plus grosses. 

30. Particules libres de liquide fabriquees en retirant le milieu de dispersion d'une suspension selon Tune quelconque 
des revendications 17 a 26, de preference par filtration, ultrafiltration ou lyophilisation. 

31 . Particules libres de liquide fabriquees en retirant le milieu de dispersion d'une suspension selon Tune quelconque 
des revendicattons 27 a 29, de preference par filtration, ultrafiltration ou lyophilisation. 

32. Suspension selon I'une quelconque des revendications 1 7 a 29 ou particules libres de liquide selon la revendication 
30 ou 31 pour une utilisation comme medicament. 
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